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Acacia albida dominated woodlands Developed from the

vegetation type akove, this is  dominated by Acacia

albida which can have a cover abundance of 60-80 per

-cent. However, other tree species such as Combretum

imberbe, Kigelia africana, Lonchocarpus capacSsa and

Trichelia emetica have hecome established.

The shrub layer., although sometimes absent or compris-

ing only patches of Diospyros senensis is often well

developed and consists of Allophylus alnifclius,

cardiogyne africana, Combretum paniculatum subsp.

microphyllum, C. obovatum, Grewia flavescens var.

olukondae, Securinega virosa and occasionally shrub

Mixed Acacia albida/Combretum imberbe/Kigelia africana/

Lonchocarpus capassa woodland: - The species used to -

describe this woodland occur in more or less egual

proportions. Other common trees are A. nigrescens,
Cassine schlechterana, Ccrdyla africana, Diospyros

mespiliformis, Picus sansibarica, Garcinia livingstonei,

Piliostigma thonningii and Tamarindus indica.

The shrub layers also show a greater mixture and free
quency of species than do the above two vegetation

types. . The common large shrubs include Cardiogyne

africana, Cleistochlamys kirkii, Diospyros senensis

and Oncoba spincsa. The smaller shrubs are Combretum

mossambicense, C. obovatum, C., paniculatum subsp.

microphyllum, Dichrostachys cinerea, Friesodielsia obovata

Grewia flavescens var. olukondae and Securinega virosa.

Climbers become important in this ¥egetation type
and Combretum paniculatum, Artabotrys brachypetalus,

Capparis tomentosa, Dalbergia arbutifolia and

Tiliacora funifera are found here. These vegetation
types can be found along the high banks (levees) of
old river channels, often with A. albida dominant in

the adjacent depressions.

Mixed riparian wocdland This can be considered to be

the most mature of the riparian vegetation types of
the alluvial syséem. It has a greater species diver-
sity than the preceding types and contains some com-

ponents of the non-alluvial communities, e.g. Colophos-
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permum mopane, Adansonia digitata and Sterculia africana.

A. albida is nommally absent and, while there is no

'really dominant tree species, Combretum imberke and

Lonchccarpus capassa can become locally deminant.

The main tree species of this type are A.‘nigrescens,

A. robusta subsp. clavigera, A. tortilis, Combretum

imberbe, Cordyla africana, Diospvros mespiliformis,

Ficus sansibarica, Garcinia livingstonei, Kigelia

africana, Lonchocarpus capassa, Piliostigma thonningii,

Xanthocercis zambesiaca, Tamarindus indica and

Xeroderris stuhlmannii. The small trees include

Cassine schlechterana, Cardiogyne africana, Cleisto-

chlamys kirkii and Diospyrcs senensis. The more

common shrubs are Allophylus alnifolius, Combretum

mossambicense, C. obovatum, C. paniculatum subsp.

microphyllum, Friescdielsia obovata, Grewia flavescens

var. olukondae and Pavetta gardinifolia. The climbers

are Conbretum paniculatum, Capparis erythrocarpos,

C. tomentosa, Strophanthus courmontii and Tiliacora
funifera. Vegetation of this type is best represented

on well-wooded gentle ridges and slopes, and extends
down to 'the lower alluvial deposits. Where it occurs

on flatter ground, it often contains open areas.

The vegetaticn on the lower reaches of the Zambezi
tributaries is essentially similar to that of the
Zambezi alluvial system, _HoWever, the four vegetation
types outlined above are rarely individually extensive
and tend to be more intermixed. One noticeable dif-

ference is that Croton megalobotrys is common along

the larger tributaries but was not recorded along the
Zambezi. Going up the rivers, the alluvial vegetation
narrows down tc a fringe of riparian woodland.  As

the river becomes smaller, species that are found
towards the cuter edge of the fringe in the downstream
sections occur closer to the water-course. Typical
alluvial species become less numerous and species such

as Kirkia acuminata and Terminalia prunioides take

their place. Apart from the Rukomeche and the Nyaka-

sanga riverine communities, extensive Acacia albida

stands are not common along the tributaries.  Much
of the vegetation along the Rukomeche and some of the

Chewore rivers has been modified by past cultivation.




Generally speaking, animal utilization does not seem

to be excessive.

Aii) Mixed species layered dry forest (jesse bush)

This can be considered to be a type of dry deciduous
forest with a thicket-like understorey. It is rel-
atively rich in both tree and shrub species and is
found only on deep sands. - Several types of this
association can be recognized on the ground and easily
identified on the false-colour satellite photograph of
the area, but in this report the jesse bush is treated
as one association. More field_work, including a.
thorough investigation of the environmental factors,
is needed before the jesse buéh can be divided into
vegetation sub-types. Tree species common to almost

all jesse bush types are Xeroderris stbhlmannii, Ptero-

carpus lucens subsp. antunesii, Commiphora karibensis,

Pteleopsis myrtifolia, Xylia torreana, Berchemia

discolor, IlL.annea schweinfurthii, Schrebera trichoclada,

Lonchocarpus bussei, Thicket—forming species of

almost all jesse bush types are Combretum celastroides,

C. elaeagnoides, Friesodielsia obovata, Baphia massai-

ensis, Acacia ataxacantha and Cleistochlamys kirkii.

The following species are common or even dominant in
certain types of jesse bush but are absent in others:

the tree species Combretum apiculatum, C. collinum,

Kirkia acuminata, Entandrophragma caudatum, Colcphos-

permum mopane, Commiphora ugogensis, Acaclia robusta

subsp.-clavigera and A. nigrescens;
and the shrub species Combretum mossambicense, Meioste-

" mon tetrandrus, Vangueria infausta, Holmskioldia

tettensis and Croton scheffleri. ,
Selective destruction, mainly be elephants, of some

canopy trees (especially Commiphora and Combretum spp.)

gives the jesse bush a thicket-like appearance in
places. A considerable number of fallen trees were
observed in some areas. In other areas, mature trees
are practically absent, although there was little
evidence of recent disturbance, and the shrubs and

young trees combined to form a thicket.

iii) Cclophospermum mopane woodland This is the




most extensive vegetation association on the valley
floor. It is a woodland type where the canopy trees
consist almost exclusively of closely-spaced Colophos-

permum mnepane. It is found on the poorly-drained

clay soil associated with the floodplain and on
‘shallow gravel soils elsewhere. There is often an
abrupt change from mopane woodland to the adjacent-
vegetation types, but gradual changes have also been
observed. The mopane woodlands are easily sub-

divided as follows.

Well-grown mopane This consists essentially of

Colophospermuwn mopane trees with a sparsely-developed
shrub layer in which young mopane is dominant.
Other occasional tree species are Acacia robusta subsp.

. clavigera, A. nigrescens, Terminalia prunioides,

Erythroxylum zambesiacum, Commiphora mollis, Combretum

apiculatum and Drypetes mossambicensis. Typical shrub

species of good mopane are Boscia mossambicensis, B.

matabelensis, Commiphora africana, C. pyracanthoides,

Courbonia glauca, Ximenia americana, Canthium frangula,

Holmskioldia tettensis and Balanites aegyptiaca.

Near the alluvial system this type of mopane woodland

is heavily degraded in places and the cover abundance
of the cénopy trées is réduced to as little as 10 per

cent. The degradation is extremely patchy. Mopane

woodland on gravel soils away from the alluvial system
does not seem to be excessively utilized by game.

Mopane with understorey Dense understorey is often

developed in mopane woodland adjacent to either jesse
or riparian canmunities. In the proximity of alluvium,

Acacia robusta subsp. clavigera and A. nigrescens be-

come more numerous in the canopy layer and scattered

Lonchocarpus capassa and Boscia mossambicensis are to

be found. The common species of the understorey are

Friesodielsia obovata, Combretum elaeagnoides, C.

obovatum and Boscia mossambicensis. Near the jesse

bush the following species of trees are observed in

the mopane woodland: Combretum apiculatum, Commiphora

ugogensis, Schrebera trichoclada and Xeroderris

stuhlmannii. Typical understorey species are Combretum

elaeagnoides, Friesodielsia obovata, Holmskioldia
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tettensis, Dichostachys cinerea and Acacia ataxacantha.

A third understorey type is found on the low ridges
in the Chewore area, where mopane occurs with a rela-

tively dense understorey of Croton menyvhartii, Acacia

ataxacantha, Boscia mossambicensis and Gardenia

resinifliua. The tree species found with the mopane

are Commiphora merkeri and Xirkia acuminata.

Scrub mopane This occurs mainly on the edges of the

Zambezi alluvial system.and also between the densely-
wooded ridges in the Chewore area. The mopane trees
here are only up to 3 m in height, forming relatively
dense stands with much bare soil and interspersed with
incipient pans. Associated but very &cattered spec-

ies in scrub mopane, atthe'edgesofnthe alluvial system,

are Hyphaene benguellensis war. ventricosa, Boscia

matabelensis and Terminalia prunioides.  Scrub mopane
away from the alluvium contains few associated species.
Scrub mopane€ in the vicinity of the alluvium is often

heavily degraded by game. -

iv) Ccombretun/Terminalia/Diospyros kirkii wooded

grassland This association is typified by
scattered trees in open grassland. Characteristic
tree species are combretum apiculatum, C. zeyheri,
Terminalia stuhlmannii, T. stenostachya, T. krachy-

stemma, Diospyros kirkii, Dalbergiella nyasae and

Crossopteryx febrifuga. Colophospermum mopane may

be present in various proportions or be entirely ab-
sent, and gradual changes from mopane woodland tc this
association can occur, The shrub layer consists
mainly of shrubby forms of some of the tree species

with the addition of Combretum elaeagnoides. At

least three vegetation types can be recognized within
this association, each cheracterized by certain species.
One type is found on pebbly basalt hills of the Nya-
kasanga area, another is found on sandy soils along
drainage lines in the vicinity of jesse bush, and the
third type occurs on the more open area associated with
gentle ridges within the extensive mopane belt between
the jesse bush and the southern Escarpment. However,'

these three types have the more important tree species
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in common and are treated as a single association in
this report. Extensive degradation of this wooded
grassland was observed in the areas along the drainage

" lines,

v) Colophospermum/Kirkia/Terminalia prunioides

woodland on ridges This is a woodland of close-

ly spaced trees with a fairly dense shrub understorey.
It is confined to'low sandstone ridges which occur
within the mopane WOodlgnds of the Chewore area.
Colophospermum mopane can be the dominant tree with

Kirkia acuminata and Terminalia prunioides co-dominant

where this association is bhest developed. Other

. tree species are Lannea stuhlmannii, Diospyros quil-

oensis, Combretum apiculatum, Sterculia africana.

Entandrophragma caudatum. Characteristic shrub

species are Croton menyhartii, Gardenia resiniflua,.

-Ccommiphora pyracanthoides, C. merkeri, C. africana,

Acacia ataxacantha and Combretum elaeagnoides.

vi) Mixed species woodland on larger hillé aAll

vegetation occurring on the larger hills in the
Chewore River area is included in this associaticn.
It is generally well-treed with a relatively dense
shrub»layer,_but in some areés (usually where the
terrain is flatter) a more open woodland can <occur.
several vegetation types may be grouped under this
heading, but more detailed examination is necessary
for further subdivision.  Typical tree species are

Combretum apiculatum, Diospyros quiloensis, Crcton

gratissimus, Sterculia quinqueloba, Commiphora mollis,

Pteleopsis myrtifolia, Dalbergiella nyasae, Colophos-

permum mopane, and, on flatter areas, pioSEyro;
kirkii and Pterocarpus brenanii. Commiphora marlothii

is very common on the steep broken slopes, while

Kirkia acuminata and afzelia gquanzensis occur on the

lower slopes only. Typical shrub species are

combretum elaeagnoides, C. mcssambicense, Gardenia

resiniflua, HolmSkioldia téttensis, Combretum celas-

troides, Friesodielsia obovata, Commiphora pyracanth-

oides, C. africana, Hippocratea buchananii and Croton

scheffleri.

’
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vii) Acacia robusta/Terminalia prunioides woodland

This is a woodland ccnsisting of scattered clumps of
trees with shrubs growing cn a hard white soil exposed
in numerous bare areas, with scattered incipient pans.
It is only found east of the Sapi River, where it is
surrounded and ihnterspersed by jesse bush. Besides
Acacia robusta subsp. clavigera and Terminalia pruni-

oides, there are to be found occasional trees of

Acacia nigrescens, Diospyros quiloensis, Lonchocarpus

capassa, Manilkara mochisia, Cordia goetzei, Boscia

mossambicensis and Ccrotcn gratissimus. The dominant

shrub species is Croton menyhartii,-but scrub forms of

ACacia robusta., A. ataXacantha and Terminalia pruni-

oides are also common. Other shrub species are

Commiphora pyracanthoides, Bosgcia mossambicensis and

B. matabelensis. This woodland is fairly heavily

‘utilized by game and shows some degradation.

viii) Open mixed Acacia/Lonchocarpus woodland  This

is a woodland of scattered trees and dense clumps of
shrubs separated by open areas which may be fairly
extensive. Vegetation has been severely affected
by past habitation and cultivation which took place
on the Rukomeche glluvium and also on the_déep soils
between‘the Nyakasanga and Rukomeche rivers, The

tree species are Acacia tortilis, A. robusta subsp.

Cordyla africana. Xanthocercis zambesiaca and Ficus

zambesiaca occur in some aireas. The common shrub

species are Combretum mossambicense, Capparis tomen-

tosa, Diospyros senensis, Dichrostachys cinerea and

combretum elaeagnoides. A detailed examination of

this woodland type would probably separate the vege-
t:ation associated with the zlluvium of the Rukomeche
River from that of the deeper soils away from this
river. These two types are treated here as one
because of the apparent similarity brought about by a
past history of cultivation, ' ’

ix) Vegetation associated with alkaline pans This

vegetation type is recognized by dense clumps of main-

ly evergreen shrubs scattered over large bare areas



which contain palnllke dep sicns, Trees are prac-
tically aonLw'@ﬁﬁﬁpt f@g“phe-bccasional Acacia ro-

busta subsp. clavigera and Hyphaene benguellensis var.

ventricosa. . The clumps of shrubs are mainly

Salvadeora persica, but Combretum obovatum and Csopparis
. - e e St e st

tomentosa also occur.

x) Grasslands  These are fairly extensive areas,

devoid of wocdy vegetation, fcound near to Mana Pools
and east of tbe Chewore-confluence, and also in the
- many smaller uﬁmapped patchcs scattered through the
Zambezi alluvial syotem. ‘Since the field work was
carried out in-the dry season, no species list was
possible. The areas east of the Chewofe'confluence
are apparently related to old Cultivatioh and dense

stands of Dichrostachys cinerea are often associated

with it. The drainage lines are scometimes fringed

with Acacia kirkii. The grasslands in the vicinity

of Mana Pools are more vlei-like and according to
" Guy (1977) are related to the montmorillonitic clays.™

2.4.2 Impacts of Lake Mupata on Vegetation

"The vegetation through which the shore-line would pass
consists mainly of some mopane woodland and jesse bush. .
To make a detailed assessment of the probakle effect
of the water-body on the marginal areas it would have
been essential to look at the Lake Kariba shore-line.
However, this was ﬁot possible and the following

comments have to be regarded as rather general.®

“rffect on the areas between nlgh and 1ow water-level
marks The f;atter thp country, +the further a shore-
line will recede with a drop in lake-level. Since

the Lake Mupata shore-line would pass tHrough iand of
low relief for much of its length, the area affected
by fluctuating lake levels would be considerable.
Assuming an expected fluctuation of 1 m , the draw-
down zone would oftén be between 50 and 200 m wide,
All existing vegetation would eventually be killed
by the process of intermittent flooding. The

herbaceous cover and some of the woody speci es such
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as adansonia digitata, Sterculia spp. and probably

Commiphora_spp-”wcnld'die during the first period of

submergence. Other woody species such as Colophos-

permum mopane, XKirkia acuminata and wvarious Cecmpbretum

SPP . can survive a certain amount of flooding over

a limited period (Jarman, 1968) and would probably
live for a few years under the conditions of a
fluctuating lake-level. The period of survival
would depend upon the dgration and depth cf flooding
as well as con the size of the trees (Jarman,.l968).
The area exposed by the receding water would eventual-
ly be bare of the originél vegetation, but would be
recolonized by plants espec:ally adapted to fill thlq
‘niche.®

-"Drobable effect on the vege*atlon of areas aOJacent,

- to the high water-level mark  Along the shore-line

would be a relatively narrow zone where the .soil is
permanently waterlogged ’*oaP zone), which would he
occupied by ewamp plants; the composlticn and extent
of this community would'depend to a large degree on A
the rate at which the water-level changed. In the
mopane woodland a so-called green zone, stretch*ng
from the high water-level mark to approximately

1,5 km inland,would develop. In this zcne the mopane
trees would retain their leaves due to the rise in
Water—table (Jarman, 1%68). At Kariba, the
vegetation in this belt was extensively damaged by
increased animal pressure. (Jarman, 1968). From
general observations at Lake ‘Kariba it can be assumed
that there would be little initial change in the
vegetation where jesse bush occurs along the shore-
line. To predict whether or not a riparian fringe
would establish itself, and the length of time needed
to do so, requires study of the scils alohg the: shore-
line, the new water-table and the’ autecology of the
plant species concerned. Judging by cbservations
made at other man-made lakes, the establishment cf a
riparian fringe is an extremely slow prccess. At
Kariba, for instance, there is very little evidence of

it after 24 years."
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" The probable effect on the vegetation beyond. the

shore-line  The vegetation bevond the direct influ-

ence of the water-body would be only indirectly
'affected by the piroposed dam'by‘virtue of the use to
which this land would be put, - Existing'vegetation
should be considered together with all other factors
when decisions on the future land use of this area
are made. For this reason the vegetation map pro-
duced with this report covers a substantial proport~
ion of the land adjacent~t0'the proposed dam.

Apart from assisting with these decisions the
vegetation map and classification will also provide
the basis for a resource assessment should the area
continue as a National Park, or for land use'planning 

should human settlements be considered.®

S



2.5 TERRESTRIAL INVE?”“JRATE

(Information derived from-‘the contribution of Phelps, 1981)

2.5.1 Terrestrial‘Invertébrateé”Of the Valley

"Detailed knowlodge of all the te rrestrlaL invertebrates
in the area between the Zambezi River and the game fence
.scuth of the Zimbabwean eséarpment does not exist.

The low level of human disturbance in the Valley has
meant that the habitat of the terrestrial invertebrates
has been almost undisturbed, apart from changes due to
natural causes such as fire, seasonal events, varying
patterns of habitat change due to feeding by mammalian
herkivores, and long-term variation in the vegetation
patterns. In this situation, the terrestrial invert-
ebrate communities are in a constant state of change
in relative numbers of the different species, and it is
not possible to make a definite statement on what the

situation is without a really long-term study."

"The Valley iz, to some degree, an extension of the
Mocambique faunal area; some terreatLlal invertebrates
with affinities to that reglod extend their ranges into

a

Zimbabwe up the Zambezi (e.g. some Tabanidae) .

~On a collecting trip to the Sapi/Zambezi confluence in
august, 1981, D.L. Hancock (Curator of Invertebrates.
National Museum of Zimbabwe) collected several insects thab

were of particular interest. Celidodacus sp. n. and

Stephanotrypeta sp. n. are two flies, of the family Tephrit-
idae, that are undescribed as yet; the former is known cnly

from this locality. Goniurellia munroi Friedberg and

Brachiopterna ornithomorpha (Munro), also members of the

family Tephritidae, were recorded for the first time in Zimba-

bwe. Dermaleipa arcifera Hampson is a nocturnal moth, of the

family Noctuidae, that is regarded as being an East African
species, and has been foﬁnd in Zimbabwe only at the Rukomechi
and Sapi mouths. The butterfly Charaxes cithaeron jcanae

Van someron is a rare Zambian subspecies of the family Nymph-
alidse; this subspecies is known in Zimbabwe only from the
Sapi/Zambezi confluence, Qlthough a dlfferent subspecies

occurs in the forests of the Eastern D stricts.
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This collecting trip cannot be regarded as a representative
survey of terrsstrial invertebrates in the valley sindé”only
a few insect groups were studied, briefly, in a restricted
area; the findingé indicate. that more detailed entomological

work would be worthwhile.

2.5.2 Impacts of the Mupata Scheme on Terrestrial Invertebrates

The Impact of Inundation and Water Control

"Inundation of the riparian fringe of the Zambezi will
undoubtedly destroy some inQertebrate-habitats, but
somewhat similar riparian habitats exist (to a far
lesser extent) on the tributaries of the Zambezi (such
as the Nyakasanga,'Rukomechi,'Sapi and CheWOre)o
Terrestrial invertebrates from the Zambezi-type ripar-
ian habitats will thus be reduced in number, but
species are unlikely to be eliminated. = The species
diversity over the valley will therefore not be reduc-
ed and, as the Zambezi's riparian fringe forms only a
small part of the Valley, the overall impact on terres-
trial invertebrates will not be great.  If the in-
'vefteﬁrates are mémbers of the MocambiQue faunal comm-
unity, then the reduction of some of these species
at the limit of their range cannot be considered a
major environmental impact. New invertebrate habi-
tats will be created with the impoundment. and this

may result 'in an increase in species diversity."

"Although the draw-down of the lake will probably not
often exceed 3 m, in the flat terrain of much of the
Valley this would result in alternate exposure and
flooding of a considerable section of land. Terres-
trial invertebrates will re-invade new habitats only
to be destroyed by the rising waters in due course.
The extent of this fluctuation in animal numbers will
be small in relation to the populations of the valley.
Thepsame sort of situation occufs on the margins of
Lake Kariba. Many aquatic insects will increase in
numbers with the flooding, and the adult stages may

become a nuisance around settlements."



"Redistributioﬁ of.the tefrestrial vertebrates as a
result of the impoundment will affect the distribution
of the blood-sucking invertebrates such a tsetse flies,
horse flies and ticks.*’ ’

The Impact of Construction Camps and Permanent Townships

“The impact of construction -camps and_pérmanent town-
ships will be localised, but in such localities it may
be considerable, Application of pesticides for the
control of vectors of-malaria'énd sleeping sickness:
may have considerable effects on the numbers of invert-
ebrates. At Kariba it was necessary to treat about
100 square kilometres with pesticide to protect the .
township against the wvector of sleeping sickness.
Depending on what\pesticide_is used and how it is app-
lied this level of application may have short- or long-
term effects on other invertebrates. Insects, other
than bloodsuckers, already present in the Vvalley will
become a nuisance to people in newly-developed settle-
ments. An example is the problem of stinkbugs coming
into houses at night, especialilly when the houses are
situated on hill tops. Again, attempts will probeably
be made to control these.with insecticides, with ad-
verse effects con other invertebrates. The areas of
permanent settlement are likely to be small relative
to the entire Valley area, and the overall impact of
the settlements and camps is likely to be minimal.

If irrigable land is developed then the'effects‘of
introduced pesticides would be more widespread."

2.6 AMPHIBIANS AND REPTILES

2.6.1 amphibians and Reptiles of the valley

Little work has been done on these animal groups in the
Valley, but it is believed that no species are restricted to
the Zambezi alluvial system; although the amphibians tend to
concentrate here (D. Blake, Dept. of National Parks and wWild-
life Management; pers. comm.) . The middle-Zambezi is an

jdeal habitat for Nile Crccodiles and in view of the abundarice



of these reptiles here the operators of crocédile farms at

Kariba are permitted to collect eggs in the Valley. Croc-
odiles breed mostly on the sandbanks in the river, in the

period September-December.

2.6:2 Impacts of the Mupata Scheme 6n Amphibians and Reptiles

In thevshortmterm, the impacts of the Mupata scheme on most
reptiles and amphibians will certainly be adverse,. althcugh
no species is likely to be made extinct. Once beds of reeds
and rushes developed along the shoreline, the amphibians
should recover from the loss of the alluvial system, as at
Lake .Kariba. Crocodile populations would suffer due to the
loss of breeding area, but in time_sub-op£imum breeding sites
would be found in the sandy (jesse) areas along the shoreline,
and sandbars might devélop at the mouths of the incoming
seasonal rivers. Until the breedingrdid stabilize, some of
the Kariba crocodile farmers could have difficulty .in obtain-
ing eggs to maintain their productiocon. Crocodiles eat a
wide diversity of food, ranging from tne insects that they eat
when they are young to the large mammals that they are able
to tackle when they are .older, and fish are always a major
component of their diet. A good diversity. and quantity,

~ of food should be available in the new lake, especially in

the shallow, weedy estuaries.

2.7 ORNITHOLGCGY

‘(Information derived largely from the contribution of Tree,

1981)

2.7.1 Bird pPopulations of the Valley

Little ornithological work has been done in the Zambezi
valléy apart from a few checklists (e.g. Cooper, 1972;

Haxen, 1981; smith, 1950).  Members of the Zimbabwe Schools
Exploration Society carried out brief'investigations intc the
different bird habitats around the'Sapi/Zambezi confluence in

August, 1981,

With its diversity of vegetation types and lack of human
pressure, the Valley is richly endovied with kird species, and

is especially noted for its large population of raptors,
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The sandbanks in the zambezi River, the flood-channels, the
river-cut cliffs, the pans, the riparian plant associations
and other geomcrphological and boténiéal features of the
Valley provide unique feeding and breeding-opportunities for
bir@s. The importance of the riverine area along the Zam-
bezi as a staging post for migratory birds may be consider-
able. Among the many palearctic migrants that stop-over

here during summer are the Curlew Sandpiper (Calidris ferru-

ginea), the Little Stint (Calidris minuta), the Greenshank

(Iringa nebularia), the Ringed Plover (Charadrius hiaticula),

the. Green Sandpipér (Tringa ochropus) and the Marsh Sandpiper

(Tringa stagnatilis). as with the mammals, the riparian

pPlant associations are utilized by many birds in the dry
season, when the habitats away from the main rivers are no
longer hospitable. On the alluvial terraces alcng the Zam-
bezi, it appears that the diversity of bird species is corre-
lated with the'diversity of plant species in the different
riparian associations, as would be expected. On the lower

deposits, with a very strong dominance of Acacia albida over

other woody species such as Kigelia africana and Diospyros

senensus, fewer bird sp»cweo are found than on the higher

deposits where the vegstation is more mixed, with increased

propcrtions of trees such as Combretum imberbe, Cordyla afri-

cana and Lonchccarpus capassa as oppdsed to A. albida (al-

though the latter may s+ill oe dominant) . Similarly, the
mopane woodiand with lts llm¢ted plant ope01 s dlver51ty, may
not uupport as rich a bird community as could the more di-
verse jesse thicket outside the dry season.

2.7.2 Impacts‘of Lake Mupata on Birds

Important bird habitats that would be inundated by Lake Mupata
would be the sand- and pebble-banks in the Zambezi River and
the alluvial deposits (with the A. albida woodlands and flood-

channels).

The shifting sand- banks’ provide lSOlatCu habitats that are
seasonally submerged and are therefore largely unvegetated,
and are free of most of the land prédators. The Skimmer

(Rynchops flavirostris) and the White-fronted Sandplover

(Charadrius marginatus) are totally dependent on these sand-
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banks for breeding. with inundation, the Zimbabwean populat-
ion of Skimmers will.decliné drastically; the few pairs found
upstream of the Victoria Fallé and pcssibly on the lower
reaches of the Lundi River may not be sufficient for long-term
conservation of this species. in Zimbhabwe. Small populations
of White~fronted Sandplovers are alsc found on the.Sabi/Lundi
and Limpopo river systems, and the plight of this species
would be less serious. The White-crowned Plover (EQEEElEE
albiceps) also breeds on sandbahks, but is seems from the
situation at Kariba that this épecies could adapt to a lake-
shore environment, albeit in much rgduced densities.  Further-
more, the White-crowned Plover is‘widesprqad on larger sand
‘rivers of the Lowveld and Middleveld. Aﬁother sandbank

breeder, the Water Dikkop (Burhinus vermiculatus) could also

adapt to the changed circumstances, and is common in Zimbabwe.

The breeding population of the Stilt (Himantopus himantopus) . .

is very small in Zimbabwe and is confined mainly to the Zam-
bezi River, in isolated pairs; again, this species could
probably still find some breeding sites along the shoreline
of Lake Mupata. | The Three-banded Sandplover (Chradrius

tricollaris) seems to prefer muddy deposits on which tc search

for food, and the Zambezi habitats at present are probably:
sub-optimum for them. They are common throughout Zimbakwe

and would readily adapt to the new shoreline.

Red-winged Pratincoles (Glareola pratincola) breed in small

colonies on pebble banks, mainly on the Zambezi sYstem‘in
Zimbabwe, but may still find isolated homes after the inun-
dation, as at Kariba. Their relatives, the White-collared

'Pratincoles (Glareola nuchalis);‘are.dependent on rocky out-

crops, in stretches of rapids, on which to breed (such as in
Mupata Gorge), and would not adapt to a lakeshore environment.
Much suitable habitat was submerged under Lake Kariba, and
apart from a small population near Victoria Falls, the remain-
ing Zimbabwean representatives of this species are found on

the Zambezi below Kariba.

Most of the bird species found on the alluvial terraces are

widespread in zimbabwe, hence the loss of these areas would
.

result in only a slight reduction in the cverall populations

of such species, However, some birds appear to be particu-~



larly dependent on the riparian vegetation. The Long-tailed

Glossy Starling (Lamprotornis mevesii), a Lowveld bird found
in both the north and south of'iimbabwe, concentrates in
riparian woodland during the winter months,, and our northern
population would decline considerably with the loss of this
typé of habitat. The Purple-banded Sunbird (Cinnyris bi-
fasciatus) migrates from higher levels to the Zambezi vValley
and Mocambique for winter, so the Zimbabwean population util-
izing the zambezi riparian woodlands would be adversely
affected, unless the birds could adapt to a longer migration
into Mocambique. _ The relatively scarce Nyasa Lovebird

(agopornis lilianae) is another local migrant, moving from the

mopane into the Acacia woodland in summer. The Nicator

(Nicator gularis) is also a fairly'scarce bird in this country,

and preservatlon of the rlparlan woodland along the middle-
Zambezl may be essential - for its long-term surviwval in Zim-
babwe. This is also the case with le_lngstonee~ Flycatcher

(Erythrocercus livingstonei), whose plight is even more des-

perate; most of the Zimbabwean population is concentrated along

the Zambezi downstream of Kariba.

Several larger species‘of birds such as raptors, storks and
ibises depend on the riparian woodland for nesting sites,
ranging away at non—bréeding times., The Martial Eagle
(Polemaetus bellicosﬁs) and ﬁhe Bateleur (Terathdpius ecaudatus)

are examples; their populations have declined severely in
recent years in‘Zimbabwe. The Banded Snake Eagle (Circaetus
cinerascens) is rare in this country, occurring mainly along
the middle-Zambezi, hence inundation of this sector would
decimate Zimbabwe's small population (the status of this

species in neighbouring countries is apparently healthier).
The Zambezi riparian wcodlands may support the highest density

of Brown Snake Eagles (Circatus cinereus) in Zimbabwe; a

density of one pair per kilcmetre was recorded in the zarea of

Matawatawa Pool (Sapi Safari Area) in August, 1981.

‘The flood-channels and pans of the alluvial system are utilized
by a variety of water-birds, The zimbabwean population of the.

Rufous-belilied Heron (aArdeola rufiventris) is confined almost

entirely to such habitats along the Zambezi River between

Chirunédu and the Chewore mouth, and would not be maintained
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with a lakeshore environment. Similarly, most of the re-

maining Zambezi populaticn of the Hededa (Bostrychia hagedash)
would disappear; Hadedas do not appear to have survived at
Lake Kariba. The Egyptian Goose (Alopochen aegyptiacus),

although widespread and numerous, maintains its highest
densities in Zimbabwe on the middle-Zambezi; numbers on

Kariba are low. The Pygmy Goose (Nettapus auritus), which

is declining seriously in Zimbabwe, .depends on quiet waters
in riparian woodland for breeding,_so a potentially signif-
icant breeding area would be lost. The middle-Zambezi is
also an important breeding area for the Saddlebill stork
(Ephippiorhynchus senegalensis). This species has adapted

to Kariba's shoreline, although densities are likely to have

dropped considerably £rom pre-impoundment levels.

River-cut cliffs along the Zambezi and a few of its tributar-
ies are important for some hole-nesting birds, includi bee-

ng
eaters, kingfishers, martins and a swift. Several large

colonies of the Carmine Bee-eater (Merops nubicus) are
found along the zambezi in clean-cut alluvial banks of 5 m
- or more in height, as well as smaller colonies. of the White-

fronted Bee-eater (Merops bullockoides) in the same habitat.

The African Sand Martins (Riparis paludicola) appear to prefer

less~consolidated banks of 2-3 m in height.  An important
breeding zone for these fairly uncommon and beautiful birds
would be inundated, although some cliffs would still remain
on the tributaries (there is at least one Carmine Bee-eater
colony on the Rukomechi River, for instance, just downstream

of the Tsetse Research Station).

Kenmuir (1978) reports a few cases of bird species that have
prospered on Lake Kariba, and these birds should therefore
also benefit from the creation of Lake Mupata. The Fish

Eagles (Haliaeetus vocifer) are probably the best-known birds

on Lake Kariba; they may be more numerous than they were on
the flooded section of the Zambezi. The White-winged Black
Terns (Chlidonias leucoptera) appear to have changed their

feeding behavicur in order to utilize the stocks of freshwater
sardine. They now dive for these sardines, whereas their
previous behaviour was to hawk for insects over the surface

of the river or its banks. The Reed Cormorant {(Phalacrocorax
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afrigangg), the Darter {(anhinga melanogaster) and the Pied

Kingfisher (Ceryle rucis) ﬁave*also thrived in the lacustrine

environment (Jarman, 1968).

Overall, it appears that the great majdrity of birds presently
utilizing the middle-zZambezi (either seasonally or permanently)
would be adversely affected through the creation of Lake
Mupata; a few species might eventually disappear, or at least
decline drastically, in this cbuntry dué to the loss of

breeding habitats.

2.8 MAMMALS

2.8.1 Mammal Populations of the valley

(Information on primary productivity derived from the contrib-
ution of Dunham, 1982) T : _ I
Since the valley consists almost entirely of iand set aside
and carefully managed for wildiife conservation it has
healthy populations of many wild mammal species. An.aerial
survey carried out by the Department of National Parks -and
Wwildlife Management in August, 1980, enabkled rough estimates
to be made of some of the large mammal populations. For an
area of 7 770 km®
Safari Area, the Mana Pools Naticnal Park, the Sapi Safari

, which included portions of the Urungwe. -

Area, the Chewore Safari Area and the Zambian Lower Zambezi
National Park, lying between the escarpments, the estimates
of total Elephant and Buffalo populations were 8 100 and

18 000 respectively.' There are probably at least 200 Black
‘Rhinoceros in the Chewore Safari Area-alone.‘ Notably miss-
ing from the valley are Wildebeest, Giraffe and White Rhin-
oceros. Very little informatiocn is available on the small

mammals of the valley.

A major feature of the ecology of the Vvalley is a seasonal
migration of various species of large mammals in response to
food availability; the Zambezi alluvial system constitutes a
dry season concentration area for these species. This is
due to the fact that plant productivity is greater and more
~prolcnged, and shade and water in fhe late dry season more

abundantly available in this area than on the rest of the

Valley floor and Escarpment (Jarman,v1972). Once soil



moisture diminishes in the mopane and jesse soils at the end
of the wet season, the productivity first of grasses and then
of browse plants‘declines and so the grazing mammals (such as
Zebra, Buffalo and Impala) move down the catena to moister
alluvial soils, followed by the browéers, Some browsers,
such as Kudu, Eland and Black Rhinocceros, do not show such
obvious migrational behaviour since they are able to £ind
adequate food off the alluvial system throughout the year,
and may move towards the Zambezi River only because of the
attractions of shade and water. In the southern and eastern
parts of the valley, some largé.mammals move into the hills,
where permanent water supplies are available, and find woody

browse and a little grass in the gullies énd miombo woodlands.

In the alluvial system, the dominant tree species, Acacia
albida, is of particular importance as regards the provision
of shade and woody browse. This tree has a “seasonally-
inverted" foliage cycle in that it is leafless during the wet
season and comes into leaf, and produces fruit, during the
dry. The phenomenon is probably due to a variety of physio-
logical factors, possibly related to roct-drowning when the
water-table rises at the onset of the wet season. in the
dry seasoh; the appearance of much of the alluvial woodland
at Mana Pools is that of a parkland betweenvgrassed'drainage°

lines, with a canopy provided by the crowns cf the A. alkida

trees (which have a mean density here of about 12 per hec-
tare) and some evergreen trees. There are very few woody
species beneath the tree canopy, and with the trampled grass
cover, good visibility is afforded to the ungulates, so they

are given some ease from predators.

The production of pods by él-albidg trees is estimated at
about 1 000 kg ha™t yr—l in the Mana Pools area, with Septem-
ber-October as the period of peak production (Fig. 6).

This estimate represents those pods that actualiy fall, and an
additional considerable amount of pods is eaten, while they
are still unripe, by Chacma Baboons. Once on the ground, the
pods are sought by Elephant (mainly bulls), Buffalc, Impala
and other mammals. In Tanzania, A. albida pods were found

to have a crude protein level of about 13 per cent (Gwynne,
1969) . |
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The new foliage of young A. Eiéi@ﬁ saplings, which are pioneer
colonizers of recentiy'dﬁposited alluﬁia, is also heavily
browsed by various species-sihce tbié dry;season greenery 'is
most conspicuous}- Even the woody, thorny foliage of the
older A. albida trees is ripped off by the Elephant so that

a distinct browse line is evident about 7 m. above the ground,
enhancing the canopied appéarance of the woodland. Browse

is also provided by broad-leaved evergreen trees such as

Trichelia emetica; Elephant generally prefer the denser

clumps of these trees to the Acacia woodlands until the pods
are produced, and Impala.tend to utilize the evergreen browse
when the quantity and guality of the grass of the alluvial

‘system diminish in the late dry season ‘(Jarman, 1372).

Grazing animals find some perennial grasses, such as oryza

barthii, Setaria sphacelata and Vetiveria nigritana, growing

at the driest time of year on islands in the Zambezi River,
and in drainage channels between blocks of -alluvial woodlands.
The productivity of these perennial grasses has not yet been

measured,

with the first moderate shower (as little as 10 mm of rainj.,
growth of annual grasses commences on the alluvial soils.

These grasses, such as Panicum maximum, Echinochloa colonum

and Urochloa trichopus, have an estimated minimum productiv-
ity of 7 470 kg ha‘,:L yral and provide good quality food for
the grazers at the start of the rainy season. During the
second half of the rainy season, the productivity of the
annual grasses declines and‘forbs (i.e. non-woody dicotyledon-
ous plants) reach the peak of their productivity (which is
estimated to be at least 3 230 kg ha—l yr—l). As the water-
table rises, the large-mammals tend to move out of the
alluvial system, leaving the new plant growth largely to the’
invertebrates. For many ungulates, the muddiness of the
alluvial soils, the prevalence of parasites and the diffi-
culty of seeing predators in the long grass, make the river-
ine envircnment less favourable at this time than the
decidubus mopane and jesse communities, where fresh leaves,
forbs and annual grasseé are available (Jarman, 1972).
However, Hippopotami, Vervet Monkeys and many Waterbuck do

not move away from the river.
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STECIES 30D PRERPE ziﬁ\"‘F% NSE OF ALLUYIAL SYSTHEI
Hippopotamus Grass 411 animals, all year.
Taterbuck Grass Breeding pornula tion all year,
’ all animals for late dry
season.
arthog Grass, grasg roots | 411 animals from mid dry
geason 10 start of rains.
Zebra Fresh glass, A1) apimals from mid dry
1ittle browse season to start of rains.
Impala Fresh grass and Few early, but all by lat
browse dry season.
Elephant Browse and (long) Increasing from mid 4o late
Zrass dry season.
Buffalo Grass, some browse | Late dry season.

Black Rhinoceros

Grass, some browse
Browse, some grass

Bfowse, little

. grass

Browse only

Tate dry seazon.
Partial use late

Tartial use late dry seas

Eel

ot used Tor feeding; for

-

=ater late dry season.

dry seaszon.
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The primary productivity of the non-alluvial deciduous commun-
ities (mainly mopane and-jesse) fluctuates from year to year
due to the very variable annual rainfall. While this food ié
available, the large mammals find water at numerous pans
scattered throughout the flatter areas of mopane woodland,

and Elephant are able to dig waterholes in the sandy beds of
the larger rivers. The seasonal migrations up and down the
catena, and the different habitat pteferences shown by the
various age/sex groups of particular .species (such as Elephant
and Impala), help to ensure thét maximum benefit is derived.
by the mammals from the food supplies of the vValley as a

- whole; the limited productivity of the mopane, jesse and

other non-alluvial communities is fully utilized, and the
vegetation of the alluvial system is given a chance to grow

during the rains.

Mammal numbers have evidently risen since the Valley was
given conservation status over twenty years ago; particularly
notable populaticn increases have been shown by Zebra, Impala,
Buffalo, Chacma Baboons and Elephant (Hughes, undated).

The tribespeople who previously inhabited the vValliey kept
marmmal populations down through hunting and through degredat-
ion of habitats (by cultivation and burning each year).

The availability of ivory in the Valley declined considerably
towards the end of the last cehtury, 50 that Portuguese
traders were no longer able to operate profitably {Selous,
188l); prior to the late 1920's there were very few resident
herds of Elephant between the Mana Pools/Rukomechi area and
the angwa River (Hughes, undated). The expansion of the
Elephant population of the Valley has occurred so rapidly
that some ecologists feel that there is now a need for culling
in order to prevent degradation of the Vegetation. Other
ecologists argue that the Elephant are merely "modifying"

the plant communities rather than "degrading" them and it
should not be assumed that the changes are necessarily
"undesirable", Whatever the correct attitude might be, the
Elephant are quite obvicusly suppressing the regeneration of
some species (particularlybéi albida) on the alluvial _
terraces, are converting some of the jesse communities from
dry forests to low thickets through their felling of the

taller trees (such as tree Combretums and Ccmmiphora spp.).
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and are thinning the miombo woodlands of the Escarpmrent.

2.8.2 Impacts of the Mupata Scheme on Large Mammals

(Information derived largely from the contributions of Danham,
1982, Taylor, 1982, and Condy, 1981)

Tnundation of the alluvial system of the middle -Zambezi would
eradicate the present dry-season habitat of many mammals.'
Although the alluvial communities along the Rukomechi River
and in a few other localities,.as well as some non-alluvial
communities, would still provide dry-season browse for
certain ungulates, .there would be no substitute (in the short-
term, at least) for the open Acacia parkland and vleis along ‘
the Zambezi that presently meet the socio-ecological require-
“ments of the grazers in particular. Little is known about
the potential carrying capacity of the plant communities

that would be above the shoreline, but the indications are
that these communities are already fully-utilized (some poss-
ibly over-utilized) by large mammals and would therefore not
adequately support additional numbers in the'dry season.

It is most unlikely.that any mammal species would decline to
extinction in the valley, bdt several would suffer severe
populaticn declines in the short-term, at leaét,.due to com-
pression of range and/or loss of habitat (Table 7 ).

Numerous other species would be adversely affected in less
obvicus ways. For several of the large mammals., culling
operations rather than rescue operations (of the "Operation
Noah" type) would be necessary in order to adjust numbers to
the carrying capacity of the remaining land. Due to lack of
knowledge,'impacts on smaller mammals cannot be predicted.

The populations of 'a few herbivores would recover somewhat,
after their initial declines, due to the eventual establish-
ment of a shoreline graésland, At Matusadona National Park,
on the southern side of Lake ‘Kariba, the perennial grass

Panicum repens spread along the shoreline about a decade

after the construction ofiKariba Dam, to provide a wvaluable
dry -season food scurce for grazers such as Elephant, Buffalo,
Hippopotami and Waterbuck. P, repens is already present
along the Zambezi River at Mana Pools. The biomass that
this species might produce along the shcreline of Lake Mupata

would depend largely on the extent of the drawdown zone.



SPECIES

RECOVERY POTENTIAL OF SPECIES

Elephant

L.oxodonta africana

MAJOR IMPACT OF SCHEME

Loss of preferred dry season
habitat (especially for bulls)
and compression of population.
Culling would be necessary.

Population would not recover to
pre-impoundment levels.

Hiprpopotamus

Hippopctamus amphibius

Loss cof food resources.
Culling may be necessary.

Numbers will rise eventually
with development of shoreline
grassland {(Kariba populations
are only ncw beginning to ex-
pand, over 20 years after
impoundment) .

Black Rhinoceros

Dicexos bicornis

Would be disturbed by human
activities during construction
phase. Increased poaching
pcssible, .

Uncertain. Recovery potential
very sensitive t0 the nature and
extent of future human activit-
ies in the area.-

Zebra

Equus burchelli

L.oss of dry-season habitat.

Lakeshore densities in Matusa-
dona N.P. are still low, despite

development of shoreline grass-
- land.

Buffalo

Syncerus caffer

Loss of dry-season habitat
and compression of population.
Culling would be necessary.

Population should recover well
with the development of shore-
line grassland.

Waterbuck

Kobus ellivsiprymnus

Loss of habitat.

Population should recover sane-’

what with development of shore-
line gressland.
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Sable
Hippotragus niger’

Loss of dry-season habitat.

. Uncertain.

! Variable lakeshore
densities at Xariba.

Impala

Aepyceros melampus

Loss of dry-season habitat and
compression of population.
Culling would be necessary.

.Population should recover

somewhat with development of
shoreline grassland.

Cape Pangolin

Manis temmincki

Loss df habitat.

Population unlikely to recover
to pre-impoundment levels due
to reduction in suitable sub-.

- strate for borrowing (jesse

soils too sandy and mopane

- s50ils toc hard) and to reduced

availability of termites.

Lo

antbear

- Orycteropus afer

Loss'df habitat.

. As abocve

Wartheg

Phacochoerus aethiopicus

Loss of dr —season habitat,

Low densities at Matusadona

N.P., possibly due to lack of

suitable refuge sites (old ant-
bear holes etc.).

Vervet Monkey

Cercopithecus aethiops

Loss of habitat.

Population would not recover
to pre-impoundment levels,

Chacma Babcon

inus

0 n

Papico ur

Loss of preferred- habitat.

Baboons are quite adaptable but
population could not recover to
pre -impoundment levels.
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It is believed that the lake-level would be kept as high as
possible throughout the year in,or&erito maximize the head
of water at the dam wall; however, with the gentle slope
along much of the shoreiine, even a slight drop in the level
of the lake wouid lead to the expoSure'df a large area, on
which P. repens might grow rapidly. There is a possibility
that the growth of P. repens might be complicated by the

competing growth of reeds and rushes. and by high densities of

dead woody plants along the shoreline in jesse areas.

Much of the remaining land'around Lake Mupata, especially in
the Mana Pools National Park., would be similar to fhe
Matusadona National Park in terms of soil and vegetatiocn, so
a comparison of the large mammals in the two areas should

. indicate the likely effects of dam construction. Unfortun-
ately, the only adequately detailed information on animal
densities in the valley below Kariba is rather cld, is re-
stricted to a few times of the year and refers only to the
Mana Pools alluvial system; this information was gathered by
Jarman(1972) in the mid-1960's. However, it is unlikely
that the situation at Mana Pools has changed much. The dry-
season densities of some large mammals in the alluvial system
.(reco:ded by Jarman in October, 1965), and the recently_
recordedvdeneities of these speeies (aVereged over the whole -
year) on the remaining'area of valley floor at Matusadona |
National Park are .shown in Table 8 .  The total biomass of
‘these animals in the alluVialeystem in the dry season is in
the order of five times that of the average total biomass of
the same set of species in the Matusadona National Park
~valley floor area, which is felt to be representative of the
area between Lake Mupata and the Escarpment. - The metabcelic
biomass datd are plotted“in‘Fig. 9 (metaboli¢ biomass, i.e.

0,75

body mass , is used as a comparative measure of metabolic

- activity in an ecosystem; this index allows for the fact

that smaller homiothermic animals have a higher metabolic
rate and therefore a higher food requirement per kilcgram

than larger animals).

The only species that is able to exist at higher densities on
the valley flcor at Matusadona Maticnal Park is the Buffalo,

due to its ability to meet its food requirements f£rom the



DENSITIES AFD BIOMASSES OF LARGE HERBIVORTS IN VAMA POOTLS :@tIJIF«'I_QL systar (DRY STASCE)
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AD ON MATUSADOKA ¥.P. VALIEY PTOOR (ATL YRAR)

(Jarman_,‘ 19725 Taylor, 1992)

: MANA TCOCLS ALLUVTIAT, Svepmre MUTUSADOEA NW.P. VAILLY FIOOR
SPECIZS | UNIT WEIGHT , » ,
(xg) Density - | Bilomass Metabolic Density Biomass etabolic
(no .'km-'z) (kg 1m™ ) blor;g:?s;i -2 (no.xm™ <) (kz ‘r:rn"z) olomass’_ 5
(kg Aa®) | (kg %1%
Zlephant 1725 16,5 28 463 4 415 2,3 3 968 616
Impala - 40 101, 1 4.044 1608 6,9 276 110
Zebra 200 12,7 2 540 675 0,5 100 26
Buffalo 450 3,3 i 495 322 4,6 2 C70 449 -
Kudu 136 6,0 816 239 145 204 61
Warthog . 45 5,3 239 g2 0,5 23 9
33 050 6 660
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P. repens grassland along the shoreline of Lake Kariba.

‘The data clearly show the importance of the Mana Pools alluv-
ial system as a dry-season concentration area for herbivores;
with the loss of this area, it is probable that animal dens-.
ities would eventually stabilize at much the same levels as
those recorded at Matusadona National Park. It seems likely
that the present average densities of herbivore species in
the vValley, outside the Mana Pools alluvial system, are
greater than they could be without this dry-season concentrat-
ion area to relieve pressure on the other vegetation commun-
ities at critical times of the year. Thus, overall, the
effect of the loss of the Mana Pools alluvial system would be-
totally out of proportion to the area of the valley that this

system comprlses.

The A. albida community on the sandy alluvium along the
Rukomechi River would come under severe browsing pressure
during the dry season, and the scrubby vegetation on either
side of this community would become even more degraded.

' The green fringe of mopane and a few other species that might
retain their leaves throughout the year in the soak-zcne of
the lake woﬁld-éttract herbivores in'the dry season, but
“would probably be quickly decimatedAby Elephant, as at Lake
Kariba (Jarman, 1968). Increased erosion due to trampling
by herbivores and their removal of vegetation cover would be
likely in some areas, particularly where the topography is
undulating. The management of the herbivore populations,
through culling, to minimize such adverse secondary impacts
would be a difficult task due to the complexity of the
little-studied valley ecosystem and the consequent imposs-
ibility of foreseeing all the environmental perturbations
that could result from the creation of the lake.

An effect of reducing the availability of good quality dry-
season forage would be to render the herbivores more suscept-
ible to various diseaséé, many of which presently occur in
sub-clinical forms. For instance, the following diseases
have been confirmed in Zambezi vValley Buffalo : foot-and-
mouth disease, adenoviral disease (bovine serotypes 3, 4 and

8), parainfluenzaVB, buffalo pox, rift valley fever, E. coli
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infections, bruceilosis, mange, parasitic gastro-enteritis
and coccidiosis.  Many of these diseases affect other
species of ruminants. - Individually, these diseases do not
usually cause great problems, but synergistic effects come
into play in times of widespread stress, Animals such as
Buffalo which would wade into the lake to eat aquatic vegetat-
ion would be exposed to trematode infestations such as
schistosomiasis, paramphistosomiasis and liVer fluke (which
have decimated wild ruminants jin Lake McIlwaine National
Park). Lake Mupats would create something of a barrier
between” the animal populations on either side, which would
reduce the possibility of a disease such .as rinderpest (still
not eradicated from East and West Africa) from sweeping

south into zZimbabwe's wildlife.

2.9 RIVER FLOW

2.9.1 The Flow Regime of the Middle-Zambezi

The total catchment area of the Zambezi River above Mupata
Gorge is about 900 000km? (Nugent, 1981; Bolton, 1978).
The three main secticns that together comprise nearly all of

this total catchment are:

i) o the Upper Catchment for whlch flow records have been
maintained since 1907 at LlVlngstone Pumphouse, 5 km upstream
of the victoria Falls (the readwngs prior to 1925 are: re-
garded as unreliable); )

- ii) the Lower (Kariba) Catchment,_feeding in to the
stretch of the Zambezi River and Lake Kariba between Victoria
Falls and Kariba -Dam (estimates of runoff have, until recent-
ly, been based on very llmlted data);

iii)  the Kafue Catchment, for which flow records have been

kept at Kasaka, just upstream of the Kafue Gorge.

- Runoff ‘data for the first two sections have recently been
revised by the Ministry of Water Development and by the
Central African Power Corporaticn (1978, 1981) andvthe data
for all three sections have been reviewed by the British
Institute of Hydrology (1981). - Figures 10 and 11 show the
revised information. The major feature of this information
is the steep rise in the annual runoff from'the Zambezi's
Upper Catchment during the late 1940's and early 1950°'s.
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By a series of statistical tests, it has been:shown that this
increased flow is not due solely to increased rainfall, al-
though perhaps 30 per cent of the increase could be explained
by this factor (Institute of Hydrology, 1981). Rainfall
records for the Zambezi's Upper Catchment are incomplete but
using the best of the data available, it appears that the
1950*'s and 1960's have over 4 per cent more rainfall in most
years than the forty-year average from 1930. |

Va:ious explanations fgr the increased river flow have been
suggested. The increase might be due to changes in areal
distribution of rainféll (higher rainfall in areas with a
higher rate of runoff in the later period), or to changes in
seasonal distribution of rainfall, or changes in the intensity
of rainfall over short time-scales. . The latter two possibil-"
ities have not been teéted, but from annual reports it

appears likely that changes in the areal distribution of
rainfall have contributed to the anomalous variation in run-

off. The possibility of recording errors has been discounted.

Other hypotheses concern changes in the characteristics of
the catchment rather than changes in the rainfall. It may
be that deforestationwand erosion iﬁ the upper, high-runoff
parts of the céﬁchment have induced'greater runoff. Oor, it
may be that the lower swampy areas of the Barotse Plains and
Chobe Swamp have been draiﬁing, or have héd their inflow
channéls blocked. There is little evidence to support any

of these hypotheses. ' However, monthly records from Living-
s£0ne show that over 75 per cent of the increased flow each
year occurs in the five months February to June, ahd théré»is-

- little increase during the dry seasoh, so.the'natural support-
ing flow into the Zambezi has probably not changed so much

| as the runoff ffom the catchment. Alsc, Fig. 10 indicates
~that the variations in annual flow from high-flow years to
low-flow years have become more pronounced, which might

suggest that when substantial rain does £fall, it flows off

the land very quickly (due to surficial changes), rather than
percolating in\and maintaining a supporting flow through a

following drier year.

The ruanf from the Lower Catchment has not shown much loﬁg—
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term variation, whileAthe»runoff from the Kafue Catchment has
increased somewhat (Fig. 11). Since the creaticn of Lake
Kariba after impoundmént in December 1958, increased evapor-

- ation and increased rainfall over the lake have affected the
downstream flow. Between 1975/76 and'197Q/80, about 7 per
cent of the total annﬁai inflow to Lake Kariba consisted of
rainféll over the lake,.while about 14 per cent of the total
annual inflow was lost through evaporation. If the Zambezi's
Upper Catchment runoff, the Lower Catchment runoff and the
Kafue runoff, each year, are added then an idea is obtained
of the Zambezi's pétential annual flow in the Vvalley (Fig.l2).
This disregards the effects of rainfall and eVapbration of
Lake Kariba and the‘Kafue scheme; the net evaporative loss

is compensated for to some extent by inflows from tributar-
ies other than the Kafue (which are also disregarded).

The filling stage of Kariba is not represented. A general
increase in the potential flow each year is apparent, being

due to the increased Upper Zambezi and Kafue flows.

annual and seasonal variationé in the flow of the Zambezi
are obviously of major significance in terms of bhoth ecology
and hydro-electric engineering. Such wvariations are re-
flected in the flow records for the Upper Catchment: these
show that the mean annual flow is 42,5 x 10° m° with a
minumum of 19,2 x 100 m> (1948/49) and a maximum of

3 (1957/58). The extreme recorded monthly

76,1 x 10° m

flows are 23,1 x 10° m> (March 1958) and 0,37 x 10° m°
(November, 1924), a ratio of 62:1. - Consequently, regulation
of river flows is an important consideration in any proposals -

for hydro-electric schemes. -

The middle-Zambezi has two high-flood periods each_Year

(see Fig. 13). The first (knowh to local blacks as Gumbura)
comes in about February; this is the lesser of the two, wit
dirty floodwater, and comes from rainfall in the  local region.
‘_The second, higher flood (known as Murorwe) used to come
(before Kariba Dam's construction) in about April; this
brought clean water from the Upper Zambezi Catchment, and
apparently lasted only about two weeks. A common belief is
that the middle-Zambezi used to flood its banks in many

places during the high-flow periods each year, so that low- -
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FIG. 12

"POTENTIAL" MIDDLE-ZAMBEZI FLOW (UPPER CATCHMENT RUNCFEF
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FIG. 13 MEAN MONTHLY FLOWS FOR 55-YEAR PERICD, 1924-1979 |
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lying areas such as the "flcodplain" at Mana Pools were in-
undated. ‘This annual flooding is thought to. have been im-
portant in recharging the fertility of the riverine areas,
and the impoundment of the Zambezi at Kariba is regarded as
something of an ecological disaster in that the hydro-
electric'scheme now regulates the river flow. Attwell (1970)
‘states: ' '
“"Formerly, silt loads were brought across the flood-
plains with the flood, and on gradual recession of
the water, regereratim of vegetation occurred with
great vigour and in abundance; but since the build-
up of the (Kariba) dam, the amount.of silt load and
the degree of regeneration have decreased." (p.. 190)

Conflicting evidence comes from Hughes (undated report), who
asked blacks who had formerly lived in the Mana Pools National
Park what the flooding regimé had been. Hughes wrote:

. "The commonly stated fact that the annual Zambezi
floods, prior to the building of Kariba, inundated
large areas of the Mana floodplain every season
appears to be entirely érroneous according to my four
informants. It seems that in the living memory of
‘all four of them (and the eldest must have been well
over 80 years old) only three excéptional floods took
place, when large areas were under water - and these
were as far as can be established in 1916, 1934 and
the most recent one was during the construction of
Kariba in 1957 ...... 1915 was a poor rainfall year
and a small famine was experienced in the area.
However, 1916's rainy season proved exceptional and
the Zambezi rose to its highest level in living mem-
ory and overflowed its banks driving the relatively
few families resident on the floodplain to abandon
their homes and crops and move up into the mopane and
jesse areas to the south. Apparently what is now the
Zebré Vlei area was completely inundated with water ..
«e. In 1924 poor rains were again experienced through-
out the country and this year is remembered by all as
the year of the great famine ......(In 1938) when
Chirundu Bridge was being built over the Zambezi, the

- river again flooded, but less severely than in 1916,




91

and all thé people living on Nyamombe Island had to be
evacuated -and those living on the river banks moved up
onto higher ground. This minor flood ties in with
information gathered from_thé Chewote area that it was
during this year, due to heavy rainfall, that the
Chigusa River cut a new route through to its junction
with the Chewore. As everyone knows, the big floods
of 1957 interrupted the building of Kariba and the
flood plain was again subject to severe flooding that

year."

The alleged drought in 1924 is not substantiated by the data
on annual flows (Fig. 12), possibly due to the old blacks
having an incorrect chronology. The high flood in 1938 is
reflected in the Lower Catchment runoff record. It should
be pointed out that the.river flow may vary considerably .
throughAa particular rainy season and late rains, or floods
lasting only a few days or weeks, will not be reflected in

the records for total annual flow.

Apart from the question of the extent of flocding prior to
the construction of Kariba Dam, another confusing aspect is
that of the manner in which the-Kariba Scheme has affected
'thé'flow régime of the zambezi. Attwell (1970) feports
that during the first eleven years after the impoundment at
'Kariba} the Zambezifsvfloodwater was prevented from reaching
the "floodplains" at natural seasonal peak times. Instead,
water was stored and released in the dry seasons in volumes
greater than the mean dry-season flow of the pre-impoundment
-era i.e. the river flow'was strictly"regulated.

Guy(198l1) concluded the exact opposite atfter an analysis of
the inflow and outflow records for Lake Kariba between 1966
and 1978 : he felt that the effect of the scheme was to make
the seasonal differences in flow more pronounced. Thus, in
general, the wet seasons became "wetter" (more water than

- flowed in was released during the rains) and the dryv seasons
became "drier" (less water than flowed in was released

during the dry seasons).

Fig. 14 represents the situation in recent years (1975 to
1979); monthly inflows and monthly outflows for Lake Kariba
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FIG. 14 KARIBA'S MONTHLY INFLOJ AND SPILLAGE FROM

OCTGBER 1976 TO SEPTEMBER 1979
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ére plotted. The graph reveals that over this period the
Kariba scheme does not seem to have regulated the flow of
the Zambezi, on a monthly scale, to a great extent. The
inflow was certainly somewhat greater than the outflow dur-
ing the first part of each rainy season, and the outflow

was somewhat greater than the inflow during the dry season,
but the outflow was not at all constant throughout each year
(as it should have been if the Zambezi were “"regulated");
the monthly downstream flow regime was much the same as i£
would have been without Kariba Dam. This must be qualified
by stating that the Kariba scheme has probably regulated the
- river flow within each month i.e. peak floods lasting only
a few days, that might have swept down the Zambezi prior

to the dam's construction, are now absorbed within Lake
Kariba; such floods may have been very important in the

‘river ecology.

The Central African Power Corporation (CAPCO) forecasts the
inflows to Lake Kariba from rainfall records from different
parts of the catchment area and from readings of the river-
level recorded automatically at various telemetry stations.
In the control c¢f the lake-=level (through spillage via
floodgates), a balance has to be struck between the need to-
vmaintain sufficient water to supply the séheme should é
series of drought years be experienced and the need to have a
 safe capacity at the'beginning of the rains to absorb un-
expected floods, so that the wall is not over-topped. From
the power-generating aspect it is more economical to open

one gate for three months than three gates for one month, for
instance. The tailwater level rises about 5 m with the
opening of one floodgate, and thereafter about 3 m with

every additional gate that is opened, with a consequent re-
"duction.in the head for electricity generation. Thus CAPCO
'prefers to continue spilling from one or two floodgates for
about three months after the inflow has peaked in March/April,
rather than releasing excess water rapidly by opening more

- floodgates. The outflow via the turbines is fairly constant
0 CAPCO can calculate when to stop spilling from the flood-
~gate(s) in order to have the lake at its safe maximum level

at the beginning of the rains.
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With the proposed-extensions to both the North and South
Banks at Kariba (four additional turbines in total) there
would be a greater need to keep the lake-level as high as
possible throughout the year in ofdér to sustain flow past
the, turbines, with adequate head. This would mean that the
lake would have a reduced ability to absorb sudden floods
from the local catchment, so if these were anticipated (and
little notice would be possible) then water would have +to be
spilled quickly via the floodgates. Thus, during the wet
seasons the outflows, via floodgates plus turbines, might
match the inflow regime more closely (although the total wet-
season outflow would be less than the total wet-season in-
flow)., but in the dry seasons the outflows, wvia turbines
only, would probably be more in excess of inflows than at

. present.

2.9.2 1Impacts of the Mupata Scheme on River Flow

The Mupata scheme would be operated basically as a run-of-

- river scheme 1i.e. the outflow regime would be very similar
to the inflow regime. However, greater use may be made of
the regulatory potehtial of the Kariba scheme in oxder to
stabilize the lake—levél of Mupsta at as high an elevaticn as
possible, so that maximum head is always available at the
relatively low dam. The altered pattern of inflows to Lake
Mupata would then lead, with the run-of-river mode of

operation, to an altered pattern of flows downstream of the

Mupata Gorge.

Downstream flows would also be affected by evaporative losses
from Lake Mupata.:  The power engineers have assessed the
evaporative loss from Lake Mupata‘onrthe basis of the evapor-
ation figures from Lake Kariba, making the assumption that
climatic variations between victoria Falls and the Mocambigque
border are relatively minor. Mean open-water evaporation

at Lake Kariba is 1563 mm per year, and average rainfall is
821 mm, giving a mean net evaporation of 742 mm per year
bv(Merz and McLellan, 198l1).  Torrance (Dept. of Meteorolog-
ical services; pers. comm.) indicated that the evaporation
from Lake Mupata may be more than that from, Lake Kariba.

Taking into account possible climatic changes due to the

new water-body (see 2.1.2), he calculated that evaporation
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from the lake near Chirundu would be about 1800 mm per year,
The mean annual rainfall at Chirunau is 628 mm, sc assuming
that this would be increased by 30 ver cent due to Lake
Mupata, the net annual evaporation would be about 980 mm.
Assuming the same mean net evaporation for Lake Mupata as

- occurs at Lake Karibas, the total volume lost each year would
be about 0,9 x lO9 m3, which is about 1,5 per cent of the
total inflow. If the net annual evaporation is, in fact,
nearer 980 mm, then the total loss each year would still be
in the order of 1,0 x lO9 m3. The power engineers do not
think that a significant reduction in electricity output

at Cabora Bassa Dam would occur due to an annual evaporative
loss of this magnitude from Lake Mupata. However, the loss
of water due to evapotranspiration from the extensive mats
of floating weeds that are likely to develop on Lake Mupata

should also be considered; Eichhornia crassipes mats have

been shown to increase water loss from the surfaces of water-
bodies in arid regions by as much as 7,8 times (Magadza and
Fair, 1981). '

Merz and MclLellan (1981) state:

"In order to f£ill the (Mupata) reservoir to the level
required to generate power it would be necessary to
impound about 12 x 109 m3. This volume represents.
about three months' inflow under the normal flow con-
ditions that are likely to prevail during the im-
pounding period ...... It is not expected that
compensation flows would be required during this
period, at least with the presently installed capacity
at Cabora Bassa. Contributions from the Luangwa |
River and other downstream tributaries together with
its own reservoir volume should satisfy requirements
‘at the Cabora Bassa project." (Vol. 1.2, 5.15)
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TABLE 9

PROJECTED RIVER FLOWS IN MUPATA GORGE fx 10° m

o
~

(Merz and McLellan, 1981)

3
;

annual flows.

From Upper Catchment
From Lower Catchment
Inflow to Lake Kariba
Net eVaporativé loss
outflow from Lake Kariba
From Kafue |

Total inflow ,
(disregarding other -
tributaries)

Net evaporative loss

outflow to Mocambique

Monthly flows

outflow from Kériba
From Kafue '

Total inflow
(disregarding other
tributaries)

Minimum

39,1
5,5
47,3

gfle an

44,3

8,6
52,9
_3.9
49,0
10,0
59,0

58,1

~»

O
-
@ +

158
-
Vol

Maximum

80,3
26,7
100,0

99,1

(Losses due to evapotrahspiration from weed mats on Lake

Mupata are not considered)
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2. 10 LIMNOLOGY
(Information derived largely'from'thé contributions of
Magadza and Fair, 198l; and Marshall, 1982)

2.10.1 Physico—Chemical Characteristics of the Middle-Zambezi

The seasonal variations in the river'flow are of great import-
ance in the limnology of the middle-Zambezi. The flow at
the beginning of the rainy season (December) contains a large
proportion of runoff water from the lécal catchment, and mﬁst
be chemically far richer than the flow in the dry season

when there is no local runoff and tributary inputs are insig-.
nificant (apart from thé Kafue's flow). -Dilution of the
nutrients in the middle~2ambezi's water takes place during
the high-flow periods-when floodgates are open at Kariba Dam;
Magadza and Fair (1981) found that the conductivity of the
Zambezi water at Mana Pools was 75 }:LScm—l with one Kariba
floodgate open and then rose to 95 }1ls.cm'l when this flood-

gate was closed.

" The turbine intakes at Kariba Dam are about 20 m below the
normal operating level of the reservoir, so during much of
the year water is drawn from the cool, deoxygenated hypo-.
limnion (Balon and Coche, 1974). With the turbulent flow
through Kariba Gorge, the water must soon become oxygen-
ated again. The outflowing water, when drawn from beneath
the thermocline, contains ﬁutrientsmthat have accumulated

during the summer stratification of the lake-water.

The contribution from the Kafue constitutes a fairly large
proportion of the middle~Zambezi flow (about 17 per cent).
Chemically, this contribution is very important.. The con-
ductivity of the water just below Mupata Gorge is somewhat
higher than the conductivity ‘recorded in the pre-Kariba
zambezi above the Kafue mouth, and is also greater than the
conductivity of the Kariba outflow (Hall, Davies and
Valente, 1976). It is probable that the conductivity dif-
ference between Kariba and the Zambezi entering Mocambique
' comes from the Kafue input, which is known to be rich in

inorganic nutrients.

The other secondary rivers in the Valley come down in spate
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- for short periods-arouﬁd December, January and February., focrm-
ing peak floods superimpcsed on the base flow of the Zambezi.
During the dry season, the tributary flows are insignificant;
the beds of rivers such as. the Rukomechi, Sapi and Chewcre
are_dry, at least in their lower reaches. Thus, as mention-
ed, nutrient input is much reduced durxing the dry season.

In the permanent pools adjacent to the main channel of the
Zambezi, such as those of Mana Pools, the conductivity levels
are relatively high; Magadza and Fair (1981) found levels
around 200 pScm“l in June. This high conductivity is prob-
ably due to a combination of allochthonous inputs, primarily
game excreta, and subsequent concentratiom through evaporat-
ion in the dry season. The contribution of nutrients from
these podls when they overflow into the Zambezi in the wet
season is not considered significant in view of the dilution

that occurs.

Water temperatures at Chirundu vary from around 28° ¢ in
December to about 19° C in July (Balon and Coche. 1974).
The transparency of the zambezi is low, especially when local
flash floods carry material into the river. The river water
is well oxygenated. Hall, valente and Davies (1977) give
'detalls of the phy51co -chemical status of the Zambezi Just
- above the Luangwa mouth. ' ' '
TABLE 10

SOMI:. CHI:,NICAL MEASUREMLNT, AT MANA POOLS

(Magadza and Fair, 1981)

RIVER POOLS
7/6/81 | 8/6/81 lon 4556 |on 5159 |on 5257
Conductivity 82. J 95 175 300 185
- -1 o
(pscm ™) ,
PH 7,2 | 9.5 7,85 6,98 | 17,6
NH, (mgl ™) 0,018 | 0,015 0,02 0,02 | 0,015
No3(mg1‘;) 0,054 0,023 0,05 0,05 0,04
po4(mg1”l) 0,016 | 0,018 0,02 0,02 | 0,004
Chlorophyll | 1.4 7,3 | 1,24 7.87 ?
(pgl ™) |
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2.10.2 The Limnology of Lake Mupata

The water of Lake Mupata would be warﬁ, with maximum temper-
atures approaching 30° C at the surface. Minimun surface
winter temperatures would probably be warmer than at Lake
Kariba due to the lower elevation of Lake Mupata and to heat.
export from the Kariba and Kafue reservoirs (c.f. Waikoto
lakes; Magadza, 1979). The thermocline is likely‘to be in
the region of 15 m, in comparison with Lake Kariba's at 20 m
and Lake McIlwaine's (near Salisbury) at 10 m . Stratifi-
cation may be weakly developed due to wind action and the
shallowness of the lake, and would break down completely in
June - July each year when surface and bottom temperatures
equalized. Initially, the hypelimnetic waters would be
anoxic, with considerable amounts of hydrogen sulphide gener-
ated from decomposing crganic material, as in the early stages
of Lake Kariba. However, with the relatively short replace-
ment time of the reservoir, it is predicted that in due course

- the hypolimnion would retain some oxygen all year round.

The incoming waters of the Zambezi and Kafue would have low
silt loads. The present secchl transparency of Lake Kariba
is about 6 m whereas that of the water at the dam in KaFue
Gorge averages 2,16 m (Magadza, in preparation); the lower
transparency of the Kafue waters is due to brown humic sub-
stances derived from decomposition of the Kafue floodplain
vegetation. Thus these substances, rather than silt, are
likely to influence the transparency of Lake Mupata, making
its depth of visibility somewhat less than that of Lake Kariba.
The silica level of Lake Mupata would be expected to be '
slightly higher than that of Lake Kariba, facilitating the

petrification of drowned trees.

With the conductivity value of Lake Kariba (in its most east-
.ern basin) and that of the Kafue Gorge reservoir being

84 )JScm“l and 200-;.1Scm~l respectively, the composite Lake
Mupata would be expected to have a mean ionic conductivity
of about 95 pScm—l. At Lake Cabora Bassa, the conductivity
values fer the open surface waters were found in its first
year to range from 95 to 119 uScm"l (Bond, Coe, Jackson and
Rogers, 1978):; shallow waters near the lake margins, such as

the Musengezi estuary, invariably showed higher conductivity
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values than the lake mean. This indicates that the inshore,
shallower waters of Lake Mupata would similarly have higher
values than the suggested mean. ' at Lake Kariba, it has been
found that the inshore waters become especially productive _
when the reservoir fills at the end of each dry season due to
the release of nutrients from animal droppings and vegetation

which are then submerged.

The morphoedaphic index, used to classify lakes, is given by

Conductivity (pScm"l)

Mean depth (m)

MEI =

For Lake Mupata, MEI = 95 = 5,9

16
This puts Lake Mupata in the same morphoedaphic class as
Lake Kainji (West Africa).

CHARACTERISTICS OF SCME AFRICAN MAN-MADE LAKES
(Marshall, 1982)

MUPATA ' KARIBA '| CABORA | KAINJI
BASSA
area (km?) | 1230 |5364 12739 |1 270
volume (10° m®) - 19,8 | 156,5 | 70,0 14,0 :
Maximum depth (m) 60 120 | 151 60
Mean depth  (m) ' 16 _ 29,2 26 11
Conductivity _1 95 80 95 73
(pscm ~) i
Morphoedapic index 5,9 2,7 3,6 6,6
Replacement time B 0.3 3 1 0,3
(years) _

Lake Mupata would be expected to attain chemical steady state
very rapidly and to remain a warm, monomictic, meso-eutrophic
lake. This should encourage the production of large zoo- -
plankton and phytoplankton standing crops, especially in open
waters where therewouldbe less shading by floating macrophytes.

Initial eruptions of Limnocnida could occur, as in the Kafue

Gorge reservoir,
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It seems'likely that the turbine intakes of Mupata Dam
would draw water mainly from the hypolimnion (when this de-
veloped) . Thus the outfiow,.into the headwaters.of Lake
Cabora Bassa, would be somewhat deoxygenated, with high
nutrient levels and, initially, highvhydrogeh sulphide
levels. Apart from possible adverse biological effects
downstream, hydrogen sulphide may cause corrosion problems
in the power station, as happened at Kariba.
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2.11 AQUATIC VEGETATION'

2.11.1 Aquatic Vegetatioh of the Middle-Zambezi

Rooted macrophytes that have evolved to withstand annual

flooding, such as the reed Phragmites mauritianus, are well-

~ established along the middle-Zambezi and are. important in

stabilizing the river banks and sand bars. Floating macro-
phytes collect in small inlets along the river bank; these
macrophytes include the Kariba Weed (Salvinia molesta) and

the Water Hyacinth (Eichhornia crassipes). A great vari-

ety of rooted and floating macrophytes grow in the pools

adjacent to the main river channel (Magadza and Fair, 1981).

2.11.2 Aquatic vegetation of Lake Mupata ~

(Information derived largely from the contributions of Magadza
and Fair, 1981, and Marshall, 1982)

The probable lack of much variation in the level of the lsake
would encourage the growth of submerged aquatic macrcphytes
in the littoral zone, such as Ceratophyllum spp., Lagarosiphon

spp. and Potamogeton spp.. These are abundant in shallow

parts of Lake Kariba with a sandy substrate, which would be
similar to much of the littoral zone that would develop at
Lake Mupata. Stands of emergent macrqphytes such‘as

Phrégmites méuritianus and Typha latifolia can be expected

cn the laske margins in places where the wave action is not
too strong, such as in estuaries. - On Lake Kariba, these
plants’were able to grow on(permanent‘mats of Salvinia and
should similarly grow on weed mats on Lake Mupata. ' Whether
rooted in the ground or in weed mats, the emergent macro-

A phytes would be a severe hindrance to boat access to the

shoreline. The submerged macrophytes, and the emergent
macrophytes with their béses in the water, would be important
in providing protectioh for small fiSh as well as a substrate
for fish food organisms;.they would also ke utilized by
herbivorous fish such as Tilapia rendalli. Emergent macro-

phytes, especially the rush Typha, might be‘grazed by

mammals if more palatable food is scarce.

The most important floating macroephyte WOuld be the Water

Hyacinth (gichhornia crassipes) . This plant has become

dominant on Lake Cabora Bassa, where Salvinia molesta (which
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invaded the surface of Lake Kariba) is relatively unimportant
(Bond and Roberts, 1978).  although the Water Hyacinth would
be likely to pose considerable problems in the early years of
the lake (as regards hindrance to navigation, fishing, water-
sports etc.) its population size would probably eventually be
regulated by ecological factors similar to those which affect-

ed Salvinia on Lake Kariba. With Eichhornia crassipes as

the dominant £f£loating macrophyte, Salvinia molesta would be

of secondary importance with Pjistia stratiotes and possibly
Azolla nilotica of tertiary importance, and various lesser

macrophytes adding diversity to the-weed mats.

Factors controlling the floating weeds on Lake Kariba, after
their initial explosive growth,  include the decline in the
nutrient status of the lake, wind and wave action, and, to a
lesser extent, grazing by invertebrates (such as the intro-

duced grasshopper Pauvlinia acuminata). Paulinia has been

noted at Mana Pools on mats of young Salvinia, which did not
appear to be appreciably affected apart from some leaf per-
forations. The effectiveness of Paulinia in the control of
Salvinia on Lake Kariba is doubtful. On Lake Cabora Bassa,
the larvae of a moth (possibly Samea sp.) helped check
Salvinia growth (Bond and Roberts, 1978). A weevil,
Neochetina eichhorniae, has been reieased on the Kafue and

Hunyani rivers in past attempts at control of Eichhornisa.

These invertebrates, and others, might attack floating mac-
rophytes on Lake Mupata from an early stage. Although,the
waves on the open waters of Lake Mupata would.be relatively
large, the numerous dead, protruding trees in the inshore
waters would anchor the weed mats and prevent their dispersion
by waves and wind. With present kﬁowledge, the extent of the
lake'*s surface that might consist of tree-anchored weed mats
or bands of reeds and rushes can only be guessed at; possibly
a third? The Zambian shore would have fewer shallow, den-
dritic inlets than the Zimbabwean shore and would have winds
that would be more on-shore (giving rise to stronger wave
action) so the waters here might be less choked than the
southern waters. However, the Kafue inlet could become

- very choked.

With the gentle slope along much of the shoreline of Lake

Mupata, even a slight drop in water-level would expose a
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considerable area of'land'on-whiCh Weed mats would be left
stranded, to be killedAthrough dessication or grazing.
However, the effectiveness of such a control measure would
be reduced due to the fact that game, in utilizing the bio-
mass of the drawdown zone, would leave-nutrient~rich excreta
that wéuld encourage thé re-growth of the macrophytes when
 the lake-level rose again. Chemical control of the float-
ing macrophytes over the whole lake would not be an economic
proposition, put might be worthwhile in certain localities,
such as the gorge above the dam wall (the easterly winds
would help to keep this section clear, maybe against an
influénce of the water currents). A floating barrier at
the eﬁtrancé to Mupata Gorge might reduce infestation within

the gorge.

Although the floating macrophytes would be a hindrénce to
.humanéactivities on the lake and would increase water loss . -
through transpiration, they should perform several useful
ecoloéical roles. They would retain nutrients (released
from the soil and organic matter of the flooded area) which
would;otherwise pass downstream via the turbines and flood-
gates? this would be of considerable importance in Lake
Mupatg'due to the short replacement time of this reservoir
(fast§raté of flushing). Stranded weed mats might provide
mulch! and protection for shoreline grasées {such a3 Panicum
repené) on the sandy beaches exposed to strong wave action.
The fioating macrophytes could carry many invertebrates

(2 805 invertebrates are said to have been recorded in a
square metre of stable Salvinia mat on Lake Kariba; Kenmuir,
1978), and their trailing roots would provide shelter for
small fish and shrimps. = However, the mats would reduce
light penetration and thus inhibit the development of sub-
merged plants and the associated bottom-dwelling fauna.
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2.12 ICHTHYOLOGY

2.12.1 The Middle-zambezi Fishery

At present, the fish stocks of the middle-Zambezi are utilized
by recreational fishermen from Zimbabwe and by commercial and
subsistence fishermen from Zambia, The sport fishery, with

the famed Tigerfish (Hydrocynus vittatus) and Vundu (Hetero-

branchus longifilis), draws numerous "weekend" .anglers toc

the valley. Chirundu is the main destination for such
fishermen but many also travel to Mana Pools to combine

their angling with game-viewing. On the Zambian side,rang—
ling does not appear to be such a significant tourist activ-
ity but commercial and subsistence fishing have become very
important since the cessation of border hostilities, - In
1980, Zambian fishermen set their nets using augout canoes;
in 1981, motorboats were common on the Zambian waters, poss-
ibly indicating the lucrative nature of the fishing industry.
The Director of the Zambian Department of Fisheries (pers.
comm,) estimates fish extraction by Zambian fishermen operat-
ing between Chirundu and Feira to be 750 tonnes per year.
This figure is based on fish catches which passed through

the Zambian check-points and excludes what might be consumed
locally. | ‘

Jackson znd Rogers (1976) consider the maximum number of fish
species permanently associated with the middle-Zambezi to be
38. A greater numnber of species may be found in the river
during the high-flow period, but these additional fishes are
unable to survive the fierce competition and predation during
the low-flow period and are then confined to permanent up-
land_étreams of the system. When the Zambezi floods up its
side-channels in low-lying areas, such as at Mana Pools,

these waters are utilized for spawning by many species if the
flooding coincides with their breeding period (Kenmuir, 1976).

2.12.2 Impacts of the Mupata Scheme on some Fish Populations

According to the proposed programme for the construction of
Mupata Dam, the wall would be closed around October-November
and the reservoir wguld then take about three months to fill
{(Merz and McLellan, 1981l). When Cabora Bassa Dam was closed
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in December, 1974, the Zambezi's flow was cut to less than

10 per cent of its average flow for at least two menths, at

a time when it should have been flooding (Davies, 1975).

This hydrological perturbation seriously affected the down-
stream breeding of those fish species which depend on over-
bank flocds for spawning. Lake Cabora Bassa occupies about
250 km of the Zambezi's former course below the Mupata dam
site, so the impact on breeding of these fish 5pecies during
the filling of Lake Mupata would not be significant over this
distance. However, disruption of breeding may beccme evi-
dent downstream of Lake Cabora Bassé'since this reservoir
may not spill either during the pericd required for Lake
Mupata to fill, or for a long time thereafter, depending cn
the prevailing hydrological conditions. ' Other biological
problems are likely to arise downstream during this period
e.g. the reduced nutrient input into Lake Cabora Bassa ¢ould
affect the fish stocks of this lake. Overall, it must be
emphasized that ecological requirements, and not just
engineering requirements, should.be taken into account before
the plans to fill Lake Muﬁata are finalized; a longer filling
period may be desirable. €losure (or partial closure) of
Mupata Dam towards the end of the year would be beneficial
"since the initial phase of filling would coincide with the

seasonal migration of non-cichlid fish species into shallow

waters for spawning {inenticned above); these fishes inciude
cyprinids, characids and siluroids. In the spreading waters
cf the new lake, the juveniles of_these species would enjoy
more freedom from predators and a greater availability of |
food than was possible in the restricted confines of the old

river and would therefore survive in large numbers. The
‘commercially important fishes of the family Cichlidae (bream)
should also become abundant. - Riverine species such as the

labeos (Labeo altivelis and Labso congoro), the Vundu (Het-

erobranchus longifilis) and Distichodus spp. (Nkupe and

Chessa) would find more favourable conditions than in the
deeper Lake Kariba -(Marshall, 1382). The Kapenta Sardine

(Limnothrissa miodon) would become established as it is known

to survive the passage through the Kariba turbines. Its
population would increase rapidly during the early, nutrient-
rich phase of the lake and a pelagic (open-water) fishery
could .thus develop scon after the lake's formaticn.
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The muddy-pool habitats of the unusual Lungfish (Protopterus

annectens) would be much reduced in the Valley (this species
also occurs in the South-east Lowveld). The eels (Anguilla
spp.) would find yet another obstacle to their determined

upstream migration in the form of Mupata Dam (assuming that

they were able to get past Cabora Bassa Dam).

2.12.3 Frishery Potential of Lake Mupata

(Information derived largely from the contribution of
Marshall, 1982)

The likely yields of fish from proposed African lakes can be
very roughly estimated through a relation§hip described by

Henderson'and Welcomme (1974). This is based on the

morphoedaphic index (MEI) :

-1 0, 4681

Yield (kg ha™t yr %) = 14,3136 MET

For Lake Mupata, with an MEI of 5,9 (see 2.10.2), this relat-

ionship indicates a potential'yield of 32,8 kg ha'lyr"l (con-

trasting with Lake Kariba's present yield of about 23 kg ha -
yr'l). As at Lake Kariba., both a pelagic (sardine) fishery

and an inshore fishery would exist.

The inshore fishery,'based on the use of gill-nets to catch 1
fishes such as bream and distichodids, could benefit small-
scale fishermen since they would require relatively little
capital or training to become established. The Zanbian
fishermen who already operate on the Zambezi would be in a.
good position to start exploiting inshore fish stocks, but on
the Zzimbabwean side a conflict would arise between the
requirements of such local fishermen, who would need to
operate from villages along thé shore, and the conservation
requirements in the remaining land under the jurisdiction of
the Department of National Parks and Wildlife Management.
aAlso, a marketing facility would have to be set up since the
lake would be a long way from the main consumers.

Coke (1968) has shown that the»"inshore" fishes of lLake Kariba
ére limited to water less than 15 m deep, so almost 50 per
cent of Lake Mupata would be suitable for such' fish. With
~a possible annual yield of almost 33 kg ha"l, the total

potential catch of inshore fishes would thus be in the order
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of 2 000 tonnes per year. About 1 Q00 fishermen could be
supported by an inshore fishery of this extent, assuming
the same standard cof living as that of the average inshore

fisherman presently operating at Lake Kariba.

The MEI prediction has proved to be somewhat unreliable for
the pelagic fishery at Lake Kariba, znd on the basis of ex-
perience here it seems that a figure of 25 kg ha* yr"l

:over the whole of Lake Mupata ¢an be taken as a conservative
expectation for sardine production. This gives an annual
Yield for the pelagic fishery of 3 100 tonnes, which con-
trasts with the 1981 yield at Lake Kariba of 11 132 tonnes.
Such a fishery, which would require'over a million dollars

in capital investment and would need efficient administrat--
ion, could support about 500 employees (extrapolating from
the Kariba situation). In view of the shallcw water and
relatively rough conditions on Lake Mupata, different netting
methods to those used at Lake Karika would be required.
Sardine yields from the windy Chalala area on Lake Kariba
indicate the influence of rough weather on pelagic fishing;
in 19832, the catch per boat per month in this. area was

3,8 tonnes, whereas in the calmer eastern basin of Lake Kariba

the figure was 6,2 tonnes (Marshail; 1981).

A major problem in the development of the pelagic fishery

at Lake Mupata would ke that of the flooded vegetation.
Damage to nets due to snagging would be excessive unless
extensive bush-clearing was carried out prior tc impoundment.
Before the creation of Lake Kariba, 971 km? were bush-cleared
at a cost of about Z$3 million; since then, costs of bush-
clearing have probably quadrupled so tO'ciear, sav, 1 OOO'km2
in the valley at the present time could cost in the order of
Zg12 million. This clearing wculd have to be done fairly
shertly before impoundment in order not té have the effect-
iveness of the operation reduced due to re-growth. Bush-

- ¢learing would not be so essential for the gill-net fishery
and the best pdlicy in the inshore. areas might be to clear
lanes so that the nets could be set between bands of dead
rees that were retained to provide a substrate for the
growth of fish food organisms. another problgm of greater

relevance to the sardine fishery wduld be that of the
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floating weeds.
The potential for sport fishing at Lake Mupata would be good,

with the Tigerfish and vundu remaining maJor attractions.
The 1ntroduﬂtlon of the Nile Perch (uates niloticus) might

be worth considering once oxygen levels had risen in the -
bottom waters. This is.a good sport fish, sometimes growing
over 100 ky, and when smaller it is easily ceaught in gill-
nets (Hopson, 1972). . It is plsc1vorous so its extraction
by gill-nets or llnes might be a way of deriving the protein
from waters in Wthh sardines are difficult to catch.
Poaching by Zambian fishermen is already a major problem on
the middle-Zambezi and threatens to be a matter of concern
in the management of the fish stocks of Lake Mupata. The
creation of the lake would eradicate some breeding sites

for Lake Cabora Bassa's fishes, but adequate breeding sites
should be available on other large rivers that flow into
Lake Cabora Bassa, such as the Luangwa and Huhyani, and ény
Mocambican>fishery that might develop on this lake is un-
likely to be adversely affected. ‘

2.13  HUMAN HEALTH

2.13.1 The Current Health Situation in the Valley

The Zambezi Valley is an unhealthy area, with harsh condit.-
ions and a variety of tropical diseases in fhe populated
localities. Most of the human population of the area is on
the Zambian side; no information is available on diseases
among these people. ‘On the Zimbabwean side, the people
living in the Dande communal area survive with hyperendemic
mélaria, schistosomiasis  (bilharzia), some filariasis and
malnutrition. After prolonged exposure to malariz and
schistosomiasis, older individuals living in the area will
have acquired some degree of immunity to these diseases,
Medical services in the area are virtually non-existent; the
only cliniec in the eastérn end of the Valley, at Chapoto, was
closed during the war but is to be re-staffed.  People
visiting or working in the Mana Pocls National Park and the

adjacent safari areas have to take prophylactics in order
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not to contfact malaria. The Zzambezi River, bordering on
these areas, 1is probably free of thé parasite causing
schistosomiasis, the main sources of infection being inland
streams and pans in the communalAlands. - The situation re-
garding trypanosomiasis (sleeping sickness) is discussed

in 2.13.3.

2.13.2 1Impacts of the Mupata Scheme on Human Health

impacts Related to the Creation of a Large Water-body

It is certain that any development that attracts people to
thevValley Will lead td health problems. The greater the
population density in the Valléy, whether permanent or temp-
orary, the greater will be the chances of disease transmiss-
ion. However, it appears that the disease problems
associated with some water-bodies (such as Lake Kariba) have
been somewhat éxaggerated in the literature; the health
threat in the valley could, in fact, be reduced through

early implementation of various preventative measures.

Lake Mupata would be an extensive, shallow reservoir_with'a'
gently—sloping shoreline, a high nutrient status, relatively
high water temperatures and much aquatic vegetation. These
conditions would be ideal for the spread of parasites and
vectors associated with water and the easy access afforded
to local people and to tourists, for fishing and recreation,

would facilitate the transmission of .diseases.

Malaria due to the protozoan parasite Plasmodium falciparum

would be one of the major health problems; malaria remains
the most importanﬁ communicable disease in Zimbabwe although
it can easily be prevented through the use of prophylactic
drugs and residual insecticides. Waddy (1975) states that
P. falciparum appears to exist in a variety of immunoclogical
strains, so that re-infection can occur indefinitely instead
of the surviving individuwals acquiring some degree of immun-
ity. However, this does not seem to be the case in Zimbabwe,
where untreated children in malarious areas either die or
else gain natural protection against later infections.

P. malariae accounts for about 5 per cent of malarial cases

in zimbabwe, and P. ovale may give'rise to occasional out-
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breaks of the disease:; the»epidemiOIcgy of these types of
malaria differs to that of.P. §§£g12§£g§, so different con-
trol methods are required., The extent to which P. malariae
and P. ovale might cause health problems in the Valley, as

opposed to P. falciparum, ‘is unknown but they would certain-

ly be much less likely to occur. In the situation of the
Mupata Gorge scheme, the malaria that presently exists in
the tribal population of the Dande area could reach epidemic
proportions if a large number of unprotected workers was
introduced to the dam-site; this would be the so~called

"malaria of tropical aggregation of-labour". The mosquito

Anopheles gambiae'(in the strict sense) is a very rare vector
in zimbabwe but has been found occasionally in the Kanyemba
area, and might be particularly efficient in spreading such
an epidemic. Another populated area in which malaria is
probably widespread is the Zambian side of the Valley be-
tween the Kariba Gorge and the Lower Zambezi National Park.
However, it is believed that the Zambezi River already acts
as a barrier to rmosguitoes, and the creation of Lake Mupata
would certainly ensure that infected mosquitoes cculd not

cross against the prevailing easterly winds.,

The main malaria vector, Ahépheles_érabiensis, is a puddle-
breeder and Would therefore find.very suitable bréedihg
cenditions in the -small, water-filled holes (such as animal
spoor) that would abound along the shores of lLake Mupata.
With such a gently—shelviﬁg shoreline slong most of the
length of the lake, ‘it would not help much to dig drainage
channels along the shoreline, pricr to flooding (as was done
when dams were built in the Tennessee Valley of america),
for instance), since much waterlogged land would still remain.
Another control measure that is used effectively with other
hydro-electric séhemes is to drop the water-level sharply

at appropriate times to strand the larvae of certain mosquito

‘species, but this again would not be a good idea, even if it

were possible;_since it would probably increase the number

of puddies'for_é; arabiensis to breed in. A. funestus

spreads occasional epidemics of malaria in Zimbabwe; this
species apparently breeds in slow-moving water rather than
puddles and might find suitable conditions in the wet season

where rivers flow into the lake.
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The most effectivé measuvres to control malaria would be the
ﬁse of residual insecticides in dwellings and the use of
prophylactic drugs. Biting of humans by mosquitoes normally
takes place at night and therefore. indocrgi the fed mosquito,
heavy and lethargic, settles on a wall to rest and then comes
into contact with a residual insecticide. DDT is commonly
used to combat mosquitoes in Zimbabwe since it remains eff-
ective for two or more years after éppliéation, whereas the
alternative insecticides (orgapophosphates) are more expen-
sive and have to be applied every few months, and entail
greéter risks for the épplicators. In a township at Mupata
Gorge, it might be possible to use ah insecticide other than
DDT since the spraying programme would be relatively small-
scale and could be carefully supervised. Screens on +the
windows of dwellings would be helpful in keeping out mosqui-
toes ac well as other nuisance insects. The - -use of prophy-
lactic drugs makes it possible for people to live in the

most malarious areas indefinitely. Chloroquine is used
extensively in zimbabwe both as a prophylactic and a thera-
peutic drug; it would be sensible to use another prophylactic
drug at Lake Mupata (there are various other cheapr and equal-
ly effective prophylactics) in order to lessen the risk of
the malaria parasites acquiring a'résistance to our main
therapeutic. During the construction of Kariba Dam, only
two workers died of malaria, both of them Europeans who
failed to take prophvliactics and who lived outside the town-
ship area (Webster, 1960). "~ Thus the malaria threat should
not trouble construction workers, fishermen or tourists who
take the appropriate precautibns, but would be serious for

people who neglect, or are unaware of, these precautions.

Intestinal schistosomiasis, caused by the digenetic

trematode fluke Schistosoma mansoni, and to a slightly lesser

extent urinary schistesomiasis caused by Schistosoma haema-

tobium, would become important diseases at Lake Mupata.

The risk of schistoszomiasis to workers on the Kariba dam was
considered minimal because of the low prevalence of the
disease amongst the indigenous population living on the banks
of the Zambezi River (Webster, 1960). However, once the
reservoir filled and fishermen bﬁilt villages on the shores,

the water around such populated localities became heavily
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infested. Despite control progfammee, Ministry of Health
parasitologists have found high levels of infection in the
lake-shore populations;. for example, in 198C a check on
African schoolchildren in cne of Kafiba‘s townships revealed
that 45 per cent of the boys anc 34 per cent of the girls

were infected with S. mansoni, while the levels of S. haema-
tobium were 38 per cent and 33 per'cent respectively. A
similar spread of schistosomiasis occurred at Lake Cabora
Bassa, and the situation with Lake Mupata could not be expec-
ted to be any different. Initially, the rising waters

~would inhibit the establishment of the necessary host populat-
ion of snails, but once the lake-level stabilized and marginal
hydrophytes grew, an- increase in snails could be expectedq,
and the water near settlements would become heavily infected
with the parasites.

In areas where schistoscmiasis is prevalent, children are soon
infected due to their frequent contact with water, and a high

proportion of youths may develop abnormalities such as damaged

urinary tracts due to S. haematobium, or large livers due to
S. mansoni. However, if the extent of the infection is not
excessive, the individual will acquire a degree cf immunity
that may prevent a later massive infection. As a whole,
neither children nor adults suffer .a serious impairment of
health as & result of schistosomal infections, although mass-
ively-infected individuals may die {(Jordan, 1975). Non-
indigenous people Visiting Lake Mupata would be most suscept-
ible to serious infections of schistosomiasis, and naturally
an overseas tourist would not like to risk being infected '

even to a relatively harmless extent.

control of schistcsomiasis has depended largely on measures
against the snail intermediate hosts. Snails of the genus

Bulinue (Physopsis) are the intermediate hosts of S. hzemo-

tobium, while snails of the genus Biomphalaria are the inter-

mediate hosts of £. mansoni.  Success in controlling snails
with molluscicides in large tropical water bcdies has yet to
be demcnstrated (although this method may work in small res-
ervoirs or bays). Mollusc-eating fish, which have the

snail hosts as part of their diet, are numerous e.g. catfish,

Synodontis; however, there is as yet nc evidence that f£ish

have preyed upon snails in large artificial water-bodies to
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such an extent as to gignificantly reduce the incidence of
schistosomiasis among numans {(Jackson, 1975). It must be
appreciated that the definitive host, man, is responsible for

the dissemination of schistosomiasis by contaminating the

‘aquatic environment (with excreta), where he in turn becomes

infected, Therefore, if the control of 5chistosomiasis is
attempted, consideration must necessarily be given to the
ecology of the human as well as to that of the snail.
Containment and abatement of schistosomiasis depend on strict
shoreline sanitation,.education of the local population and,

ideally, minimum contact between man and lake-water,

The succession of plants colonizing the shoreline and surface
of a tropical impoundment is closely related to the spread
of nuisance insects and disease vectors. . Floating weed mats

of Eichhornia, Pistia and Salvinia ensble snails to be trans-

ported from localities where schistosomiasis is prevalent to
further localities, where humans can then be infected. As
previously mentioned, the largest human population on Lake
Mupata would be likely to be on the Zambian side upstream of
the Lower Zambezli National Park. With regard to disease
transmission, it is fortunate that the prevailing winds here
would be quite strong and would be on-shore (easterly).

The problem of weed mats carrying snails from this area {(where
schistosomiasis is likely to be prevalent) to the Zimbabwean
shore -should be much reduced;.aiso, strong wave action on the
Zambian side might inhibit the development of snail populat-
ions along much of the shoreline of this inhabited area and
would thues lessen the schistosomiasis prcblem (as has happened

at‘certain localities at Lake Kariba).

Another potential health pfoblem at.Lake Mupata, much less
certain than either malaria or schistosomiasis, would be
human filariasis. Several species of filarial worms
(Nematoda : Filarioidea) may cause this type of disease.

The filarial parasites are transmitted from man to man by
various bldod~sucking insects, the larval and pupal stages of
which are associated with water (the specific requirements of
these vary greatly). Experience in dam-building in remote
tropical areas is that the labour force is drawn from a wide

area, and although routine medical examinations may be carried
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out, it is quite posgible tovmiés the.symptomless carriers of
filarial worms, so that carriers may be admitted to a locality
where their type of filariasis is unknown but the vector is
preseht (Edeson, 1975). The most dangerows reservoir of in-
fection is likely to be the "camp followers" who will appear
ver& soon after the labour force has assembled. Similarly,
the resettlement of people away from the inundated area may
result in the spread of filariasis if some of those who are
moved are carriers.v

Elephantiasls is a form of filariasis caused by Wuchereria

bancrofti, which is transmitted in Zimbabwe by species of
mosquitoes that also carry malaria. Elephantiasdis may be-

come a minor problem since a focus of this disease exists in

the area between the Dande Valley and Kanyemba; this area is

on the access route to the Mupata Gorge, and would be a-
source of labour, so the disease could possibly -be -spread to
workers on the dam.  However, illness normally develops
oniy after prolonged exposure, so the disease would be a
threat to permanent residents rather than to temporary work-
ers or tourists. Another minor problem may be filariasis

due to Dipetalonema perstans. The incidence of this dissase

appears to be related to vegetation type; it would not arise

" in the mopane or jesse bush that would constitute much of

the vegetation around Lake Mupata but it could, just possib-
ly, arise in localities where dense riverine vegetaticn
occurred. Onchocerciasis, a filarial disease of particular
concern on some water resource projects in africa (such as
Kainjii or volta) would not be likely to occur around Lzke
Mupata due to lack of suitable breeding sites for the vector

flies.

Visceral leishmaniasis, a disfiguring and often fatal disease
due to protozoan parasites, has been reported recently from
the Southern and Eastern Provinces of Zambia. The vectors

of this disease are sandflies, of the genus Phlebotomus; it

is not known if vector species occur in Zimbabwe, although

- close relatives of the confirmed vectors have been found.

Whether the creation of Lake Mupata as such would mak=z any

difference to the chances of this disease arising in the

Valley is uncertain, but it is possible that all that is
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needed is for some infected people ﬁo'enter the country

(such as zZambian. labourers) for an ocutbreak to occur.

Arthropod-borne viruses (arboviruses) constitute another
possible disease risk that might be increased if more p2ople
are introduced to the Valley: little is known about such

diseases, which occur sporadically -e.g. Rift Valley Fever.

impacts associated with. Construction and Operation of the

Mupata Scheme

During the construction of the dam in the_Mupata‘Gorge,'
health hazards would have to be counteredrby setting up a
health service with adeguate hospital facilities. Such a .
service was established with great successvat‘Kariba Dam,
at a cost that amounted to less than 0,3 per cent of the
total cost of the scheme (Webstér, 1960). Apart from mal-
aria, major health problems that had to be catered for were
fly-borne intestinal diseases and, of coursé, the high rate
‘of physical trauma associated with any majér civil engineer-
ing project. 'Rockfalls, dust, heat and humidity would be
everyday features of a dam-building operation at Mupata
Gorge. Forced ventilation and wet.drilling would be re-

quired in underground workings to reduce the dust and heat.

" Nearly 13 000 men worked on the dam at Kariba over a period
of six years:; a hundred men died, mostly from accidents -
(particularly road accidents on the steep,slippery and orig-
inally rough roads of the construction site) (Webster, 1960).

A health centre at Mupata Gorge would benefit the nearby tri-
bal population of the Dande area, as would a supply of fish-
protein from the lake.- A point to be remembered is that
local people and construction workers may be afforded temp-

. orary relief from many disease hazards (especially malaria)
through an on-site health service, but they would heed ceon-
tinued protection once they dispersed thereafter since treat-
ment might destroy the immunities that they had gained pre- '
viously through repeated, low-level infections. If an
individual is thought to have some degree of immunity to

malaria, it may be advisable to reduce the amount of
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- prophylactic drug that the.persob jis given (i.e. suppressive
.therapy rather than §ro§hylaxis) in order not to totally
remove his natural,iorotectionc Obviously, the dam site
would have to be maintained in a very saﬁitary state in
order to prevent the spread of disease downstream to the
Dande/Feira area. Construction camps should be sited on
high ground to catch the breeze and to reduce the mosquito.
problem, despite the difficulties that the rocky hilltops

would pose for roadmaking, sanjitation services, etc.

2.13.3 Tsetse Fly and Trypanosomiasis (Sleeping Sickness) in

the valley

The protozoan trypanoéomes that are transmitted by'tsetse
flies are obviously of great significance to pastoral agri-
culture as well as to human health. In view of the restr-
ictions on agriculture in the valley (i.e. the low carrying
capacity and the designation of the area as National Parks
Estate) trypanosomiasis is probably best considered as a
human health problem. The entire valley is infested with

the two species of tsetse fly, Gloessinia morsitans and G.

pallipedes; the former is particularly prevalent in the

mopane and jesse vegetation communities, and does not abound
in the Mana Pools alluvial system, Cases of human sleeping
sickness have been contracted at various places in the

Valley .in recent years.. On the Zambian side, a large area
(now part of the Lower Zambezi National Park) had to be depopu-
lated due to the prevalence of this disease, and an import-

ant focus exists in the lower Luangwa Valley.

2.13.4 The Trypanosomiasis Problem with Lake Mupata

The creation of Lake Mupata would lead to a greater frequency
of man-fly contact due to the fact that the shoreline would
be the main zone of human activity (fishing, recreation etc.)
and would coincide with the habitat of the major fly species,
G. morsitans. There has been a reiatively high incidence

of sleeping sickness along the Kariba shoreline, despite con-
trol measures. The disease is fatal unless detected szuff-
iciently early, and an important consideration is that
overseas visitors that contracted the disease might not have

“their problem diagnosed correctly upon returning home.
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With more traffic'in_and out of the valley, there would be a
greater risk of spreading infected.flies to other parts of
the country (during the early 1970's, an: outbreak of cattle
trypanosomiasis occurred in the Victoria Falls areavand was
thought to be due to the import of flies from Kariba wvia the
regular airways flights). ‘

Prophylaxis is not practicable, so a spraying programme
would be essential. In order.to be effective in the long-
term, such a programme would have to be aimed at the elimin-
ation of tsetse fly in the valley. The lake, forming a |
fairly effective barrier to Zambian flies; could be used as
- a stafting line for aerial spraying and/or other methods of
applicetion of insecticides. There is currently a'great
deal of controversy in zimbabwe relating to tsetse control

programmes, since DDT is used.

2.14 ETHNOGRAPHY AND ARCHAEOLOGY

2.14.1 The History of Human Settlement in the valley

In order to create the Zambezi wildlife areas, the tribes-
people living in the Zambezi Valley between the Kariba and
Mupata gorges had to be moved to communal lands south of the
Escarpment in the late 1950's and early 1960°%s, However,
many localities within the valley are still of historical
and religious significance to these people, and knowledge of
the previous settlement pattern is necessary in order to ‘
understand aspects of the present-day ecology of the Vvalley.

Small numbers of Bushmen (Khoéian hunter-gatherers) probably
lived in the valley at an early stage; their paintings have
been found on rocks in the Karci and Mukwichi areas .(White,
1971). The Bushmen were displaced by Bantu people who

" swept south from East africa; among these Bantu were the
Va-Karangé who occupied the z imbabwean Highveld (Guruuswa).
some of the Va-Karanga later became known as the Mkorekore
("a swarm of locusts'") when they moved back towards the
north, from the early fifteenth century onwards, in search of

. salt, and crushed lesser Bantu groups in the Karoi, Sipolilo
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and Dande areas. & large group of the Mkorekore invaders
became permanently established in the Dande area, and may
have been responsibie for the construction, at some stage,
of the rock-walled Dzimbzhwe on the Utete River at the base
of the Escarpment, near the present Sipolilo-Kanyemba road.
A lezder of these people became known aé Mwene-mutapa
(possibly meaning "master of ravaged lands"), and succeeding
“Monomotapas® are referred to in many Portuguese records
dating from as far back as the, early 16th Century (aAbraham,
1959). The fact that Mwene-mutapa's clan took the mutupo
(totém) of ggggg (Elephant), with the laudatory epithet

Samanyanga ("owner of mighty tusks"), may be a reference to

prowess as elephant hunters.

A tribe of Bantu people known as Va-Mbara were apparently
widespread in the region dominated by the,Mkorekore. They
had to pay tribute to the Mkorekore as '"the owners of the
land", and their survival was apparently due to their
ability to produce hoes, spears, . axes and other metal goods
for trade. Numerous copper ingots in the form of a St.

© andrew'!s cross (Figni6 ) ,weighing about 1, 5-3 kg, have been
found throughout the region and their manufacture has been
“attributed to the Va-Mbara. (White, 1971). In the valley
jtself, it is possible that the early Va-Mbara were eradicated
by the Mkorekore since they could not have found the ores

necessary for trade and survival.

A later migration of va-Mbara ffom zambia into the unoccupied
western and central parts of the valley occurred in the 17th
Century'(Hughes, undated) . The leader of these people was
‘Chidzere. It is probable that these Va-Mbara settled in
small family groups along the zambezi between Chirundu and
the Sapi River, subsisting.through riverine agriculture and
hunting, and had little contact with va-Mbara who were
already living on the Escarpment; It was not long before
Chidzere's people were'threatened by a group of Mkorekore
people from the Highveld to the south.  These Mkorekore,
under Mupamombe, had heard of the good availability of salt
in the valley and moved north to acquire this precious comm-

odity. (on the Highveld, salt was scarce and of poor
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quality, being commonly extracted from burnt gcat droppings,
whereas in the valley . good salt was extracted either from

mineralized socil found at varicus localities or otherwise

Mupamombe 's people defeated the followers of minor Va-Mbara
chiefs in the Escarpment area (Chiawa was one of these chiefs[
who fled north with his people). Mupamombe died and his

son Nyambira continued leading, the Mkorekore people north.
According to legend, a group of Va-Mbara living in the
Marongora area, the Venemuriga, decided to escape to the
clouds and so built a tall ladder, or tower, into the sky.
This structure collapsed, killing many people and leaving a
large hole in the ground which later became a pool, Rumwa.

A sulphur spring of this name exists just to the east of.
Chemutsi Dam, near Marongora,'and is prokably the place re-
ferred to (Hucghes, undated). Nyambira tried to negotiate
with Chidzere to acquire territory, but Chidzere refused tc
share his land and suffocated himself (Mitchell, 19561).

Most of Chidzere's Va-Mbara people fled north of the Zambezi.

Chidzere's sister Changamuchiri refused to flee, saying that .
she would stay and die in her own country and not on foreign
scil, In due course, she died and turned into a stone
which is =aid to be found sometimes near the Chavava River
and sometimes in the Mazunga area near the Escarpment.

The stone is flat and has four holes (tsopero) in it, into
which beer and munga cereal were placed during rain-making
ceremonies, after such an offering had been made, an animal
resembling a wildpig is said to have walked out of the bush
and into the midst of the assembled people. It was slaught-
ered, and rain would fall during the ensuing feast. Chang-
amuchiri is reputed to move of its own accord, and sometimes
goes down to Mana Pools to drink and bathe. Its passage

is accompanied by a roaring wind. In winter the stone sinks
into the grourd, and comes up again in the hot weather.

R.S. Hughes, a National Parks Ranger, is evidently the only
European to have seen Changamuchiri. He was shown the

stone in 1970; after a long search by his informants, the

curious-looking stone was found buried just beneath the
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surface of the ground in an otherwise stone-free area on

| the Cchavava River.

Nyambira and his followers soon fell into difficulties in the
land that they had occupied: they-sufféred from famine and
were harrassed by man»eéting lions. Accordingly, the
spirits were consulted and it was found that they were angry
with Nyambira for driving out Chidzere's people. The dis-
placed va-Mbara were thefefore‘invited to return and event-
Cually the.majority.of them did so,. to become assimilated into
the Mmkorekore: group under what became known as the Dandawa
chieftaincy. Va-Mbara rites, such as those associated with
Changamuchiri, were upheld, with members of the subjugated
group as spiritual officials; respect on the part of an in-
vading group for the power of the ancestral spirits of the
congquered people is,common.in Africa (Mitchell, 1961).

chief Dandawa's people lived in the area between the Sapi

and Mongwe rivers. In 1912, 440 male taxpayers were record-
ed in 22 kraals under Chief Dandawa, and in 1937 the nurber
of male taxpayers had risen to 1 0$5, living in 62 kraals
(White, 1971). Tn 1958, these people were moved to Rengwe

mribal Trust Land in accordance with Government policy.

At about the éame time that Chidzere and his followers had
cettled on the south bank of the Zambezi, a small group of
va-Sori people, led.by Chimombe, had also crossed over from
zambia and had moved into the largely uninhabited area be-
tween the Sapi and Mwanja rivers. This occupation ahgered
the Mkorekore people of the Dande area, who wished to retain
control of the valuable salt pans in the land_takeh by the
Va-Sori. The Mkorekore leader, Nyamapfeka, was determined
to drive chimombe away, but each time his warriors mounted
an attack on Chimombe's people they became lost in a myster-

ious mist. _ o _ .

Frustrated in his efforts, Nyamapfeka sent his daughter
Semwa (or Chiguhawa, as she was also known) to a well fre-
quented by Chimombe's people. Here she was found and, .
claiming to be lost, was taken to Chimombe who was living on
the Chewore River near the base of the Escarpment (at

Masikote) . chimombe was struck by Semwa's beauty and
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decided to marry her. - When he was asleep, Semwa slit his
throat. Thereafter, disasters such as total darkness,
scorchihg heat and floods are said to have befallen the
people. This period of terror weﬁt on for a long time
until finally a mhondoro named Mbaiwa (grandson of Nyamap-
feka) made an offering to the spirit of Chimombe.
chimombe's voice then instructed the people to dry his body.
according to one of the many stories, Chimombe's body then
floated on .a river of blood to, somewhere near the junction
of the Chigusa and Chewore rivers, where it disappeared.

A curious metal object later appeared in place of the body:
this “"Iron God" (Fig.i7) is still kept and revered by the
descendants of Chimombe's people, with successors of Mbaiwa
as spiritual officials.  Semwa was never allowed to marry
again and became a mhondoro; her successors are still not
permitted to marry as they are considered to be the wives

0of chimombe (Hughes, undated).

The Mkorekore were impressed by the power of Chimombe's
spirit and did not trouble his people further. The Matahele
heard of the "Iron God" and on several occasions their impis
attempted to secure it. However, Chimombe's spirit always
caused great disasters to befall the raiding parties and

the Matabele eventually gave up in fear. _A.matrilineal
inheritance was practiscd among. Chimombe‘’s people (the
successor to the chieftaincy was always the son of the last
Chief's sister). The chieftaincy became known as Chundu.
other chiefs, such as Chief Chapota in the Kanyemba area, and
chief Chisunga on the Angwa River, apparently still pay
tribute to chimombe's spirit (Hughes, undated). True Mkore-
kore (of the mutopo Nzou Samanyanga) will not look on the

wIron Ggod" for fear of going blind.

Up until the time that the people under Chief Chundu were
moved from the valley to the Mukwichi area (in 1963), the
nucleus of the group lived mainly along the Chewore, moving
up or down every few years at the request of Chimombe's
spirit.  Those people who lived actually on the Chewore
always built their huts on the east bank of the river (Hughes,
undated) . Other family groups under Chiex Chundu lived as

far west as the Sapi, and some lived on Chikwenya Island.
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FIG. 16

A COPPER CR(OSS OF THE VA-MBARA

R ATNSSRTRE ~

RE

i R e
T T ek

't
R
&

(Affer  Compbell, 1957) | 2

FIG. 17 - CHIMOMBE THE "IRON GOD"
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To the east, the people were scattered as far as the Angwa
River. Tn 1912, 132 adult male tax payers were recorded in
8 kraals under Chief Chundﬁ, and in 1937 the figure had
risen to 227 adult male taxpayers, in 10 kraals. Apparently,
Chimombe's spirit did not object greatly to the move of the
people to the Mukwichi area (White, 1871). The "Iron God"
was taken with the people and lives in a thatched hut made

of poles from the Valley, together with his possessions of

elephant tusks and a muzzle-loader rifle.

In thevchiruhdu area, another group-of Mkorekore had occupied
land originally belonging to Va-Mbara, and the Mudzimu chief-
taincy was established here (White, 1971). The western
boundary of this chieftaincy was the Sharu River and the
eastern boundary was the Mongwe River. In 1912, the strength
of the male adult taxpayers under Mudzimu was 140, in 12
kraals, and in 1937 the number was 202, still in 12 krazls.

Tn 1953, the chieftaincy was demoted to a headman's position,
under Chief Dandavwa. Mudzimui's people were moved to the

Urungwe area in 1956.

The Matabele, in the eras of both Mzilikazi and Lobengula,
raided into the Valley on various occasions, leaving a trail
of destruction behind .them. Men, young children and old
wonen were killed, while young men and older children were
taken as slaves. The last raid into the Valley, some time
‘shortly before the Pioneer oOccupation, was repulsed by an
alliance of the valley chiefs, who had the advantage of guns
obtained from Portuguese traders for elephant hunting (White,
1971) .- ’

pPortuguese traders came up the Valley in search of gold and
copper mined by the va-Mbara. They appear to have traded
with Mudzimu's people, among others. - During the 19th Cent-
ury the interest of the Portuguese in the Vvalley related to
ivory‘rather than gold., - Half-caste Portuguese with mercen-
Cary followers, known as Chikundas, are difficult to separate
from true Portuguese in the legends of the valley. One of
the Chikundas was Chief Kanyamba, who established his head-
quarters on an island at the junction of the Kafue and Zam-

bezi rivers. selous (188l) records meeting Kanyemba ("a
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glave-trader and a murderer") in 1877, as well as Portuguese
traders on an island about 20 km upstream of Kanyamba's (at
the mouth of the Lusito Riverz?). Selous states that most of
the Chikundas in the Chirundu area had £lint-lock muskets,
which they used for elephant hunting and for freguent raids
upon neighbocuring tribes. At this time, the Portuguese
trade had déclined considerably. Kanyemba later moved down-

stream to the Luangwa/Zambezi confluence.

The Va-Doma people live in .a small group at the eastern end
of the Vélley; they came from the north at about the same
time as Chimombe. In 1971, White (1971) estimated the size
of the group to be about 30 families. Some members of the
group show a hereditary defect of the feet, and thé'Va—Doma
are sometimes sweepingly referred to as "the two-toed tribe".
Most of the Va-Doma are primitive nomads who wander around
the mountains between the Mwanja and Mwanzamtanda rivers,
living on roots, honey, small game etc. The Department of
National Parks and Wildlife Management does not object to
their presence in the Chewore Safari Area, since they are
"part of the ecology" and kill very little game.,  The Zim-
babwean Gecvernment has recently launched a campaign to feed,
educate, "politicize" and refsettle3the Va-Doma (The Herald,

October 9, 1981).

2.14.2 Places-of‘Spirituél or Historical Importance in the
" Valley

There are numerous places in the Valley that feature in the
traditions of the Va-Mbara and Mkorekore. The localities of
‘many of the shrines or historical sites have not been clearly
established. Hughes (undated) and Nduku (1982) described
some of the more important religious or historical features,
and those whose localities are réasonably certain are dis-

cussed below :

Mana Pools  The "main" pool (presumably Long Pool) is said

to be "full of mysteries" (Nduku, 1982). Kandare, a senior

member of Chidzere's group, is buried near a large strangler
fig on the south side of the pool. Kandare's zpirit allegedly

took the form of a metal object, possibly somewhat similar to
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the "Iron God" Chimombe, and was about 30 cm high. This
object lived at the poocl and was cépéble of climbing trees,
but vanished in disgust after somecne bathed with soap in
its pool. A clear area on the eastern side of the tree is
where Kandare's ceremonial hut (Dendemore) was situated, and
another adjacent clear area is where the chief's indunas
lived. Changamuchiri (the moving stone) washes and drinks

at the pools.

Chidzeret's Tree When Chidzere died, he is said to have

turned into a baobab tree, which is still growing next to
the Chavava River, near NyakasikanaiGate:‘ Before Dandawa's
people left the valley, they used to gather at the tree for
'special ceremonies at least twice a year (Mitchell, 1961).
The "tree-priest" was always a descendant of the original
inhabitants of the area, who had been conquered by the Mkore-
kore. aApparently the hollow tree used to contain a beehive
rom which honey was tzken every year by a descendant of
Chidzere and shared among the people (Hughes, undated).
In 1925, a greedy man decided to take all the honey for him-
self, but uvpon crawling into the tree he lost most ¢f his
skin and died as a result of the wrath of the spirits. |
About 25 metres to the north-east of Chidzere's Tree is an-
other, smaller baobab that is supposed to he the reincérnation

of Chidzeré's wife Chitunguru.

Guti This is a place, marked by a baobab, where Mudzimu's
people used to hold rain ceremonies before each planting

season. It is somewhere along the Rifa River (Nduku, 1982).

ggpgonge The location of Chimombe's murder, on the Chewore
Rizver near Masikote. It is said to be guarded by a troocp of
talking baboons, and by lions, who prevent people from sett-

ling there.

Mawiro A grove of muchiriri trees (Trichelia emetica) at

the old junction of the Chigusa and Chewore rivers, where
Chimombe's body disappeared and the "Iron God" was found
(the Chigusa eroded a new mouth in 1938). A large fig tree
near Mawiro, Xnown as Mutowe wa Kamandu, contained a beehive

which was never robbed since the hcney belonged to Chimombe.
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This tree is the burial site of Kamandu, the fourth Chief

Chundu (Hughes, undated).

Matsimba A few hundred metres from the Chewore airstrip,
near some jesse bush, is. a rock in which the- footprints of a
lion are marked. It is said that the spoor was left in the
mud after the great flood at the time of Chimombe's murder
(Hughes, undated).

Nyoradzasinde The "iron writings of Chimombe", as they

might be called (alternatively, the “tattoos on the girls"),
consist of a pattern of squarés weathered'ﬁnto flat slabs of
sandstone. The writings are near the point where the Mcmbe
(Endamombi?) stream flows into the Zambezi, west of the
Chewore mouth. A human footprint Was evidently also cut-
lined in the rock, but has been damaged hy vandals (Hughes,
undated; Nicolle, 1937). '

~2.14.3. The Loss of Places of Religious, Historical or

Archaeological Significance due to the Mupata Schene

Since the tribespeople were moved out of the Valley, they have
apparently stopped COnductingvtheir:ceremonies at £he old
sites. The need for some ceremonies has fallen away because
the spirits that were appeased were only important to life in
the valley itself e.g. Chidzere's spirit (Mitchell, 1961);
also, alternative sites have been found for some ceremcnies
(Nduku, 1982). However, the spirits apparently wish the
people to return to the valley, and now that the Rhodesian
War has ceased, it should be possible for the people to per-
form some of their rites, when required, at the original
localities. Despite this possibility, many of the people
feel that their spiritual rejuirements cannct be met through
compromises; they are apathetic or resentful due to their
forced translocation. Many of the younger generation are
-now detached from the sentiments and customs of their fore-

bears, and do not wish to return to the valley.

Whether or not the sacred placesiin the valley will retain
their religious significance much longer is uncertain, but

these places have increasing historical importance. The



events thae took place in the mduy centuries of human occupat-
ion prior to the advent of Wesfeln civilization in this coun-
try will seem very abstract unless the localities or objects

associated with them are preserved.

Since the precise locafions of some of the sites of historical
or religious importance are known to only a few of the re-
settled tribespeople, it is difficult to say just which sites
would be inundated by Lake Mupata. 1t seems likely that
Mawiro and Mutowe wa Kamandu would be lost, and it is possible
that Matsimbe and Nyoradzasinde would be just under water.
There are various other lesser sites around the Chewore mouth
(Hughes, undated) that would be flooded.  The Mana Pools '
sites would be certain losses, and Changamuchiri may not take
kindly to having to bathe and drink in the lake-water.
obviously, the creation of Lake Mupata would give much of the
remaining Valley a very different character, and the legends
of the old tribespeople would not relate to the environment

as well as they do at present.

Ruined Portuguese (and/or Chikundu) settlements on the islands
near Chirundu would be in danger of being f£looded (the alt- '
itudes of these islands, such as Kanyemba, are uncertain).

As regards ancient history, N. Walker'(Curator of Archaeolcgy,

Salisbury Museum, pers. comm.) feels that the rive rine are

4]

along the middle-zambezi is not as rewarding for archaeoclo-
gists as other parts of the country, but thinks that the
environment here may have given rise to unique subsistence
strategies during the Stone Age. During a brief sur&ey in
1981, Welker found a few archaeological sites (such as an
Early Stone Age factory site in a low sandstone outcrop near
‘vundu Camp) and concluded that further archaeological work

should be carried out prior to the inundation of the area.

2.15 RECREATION AND TOURISM

2.15.1 The Attraction of Mana Pools

After a long period of closure during the war, the Mana Pcols
National Park is now a major attraction for wildlife enthusi-

"asts in Zimbabwe. A limited number of visitors {(maximum of
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50 cars at one time) are permitted to stay in the park during
the period lst‘May to 31st Cctober; outside this period the
roads near the river become éoo muddy to allow tourist traffic.
It is the alluvial system on the Zémbezi, an area of only

about 80 km?
ion since the Acacia woodlands, high animal densities and

in extent, that is the focus of tourist attent-

grandeur of the zambezi River constitute a unique wildermess
“that rivals the better known East African wildlife areas.

A central camp on the edge of the Zambezi, Nyamepi, is 4 ha
in extent and consists of 45 caravan/camping sites, with some
ablution blocks. During 1981, two-‘"remote" camp sites
(limiﬁed to one vehicle/party) were available at Nkupe,

about 1 km to the east of'Nyamepi,.and at Mucheni, 8 km to
the west; these had no facilities apart from "long-drop®
toilets and fireplaces. - The Department of Naticnal Parks
-.and Wildlife Management is presently producing a development
plan for the valley, and additional tourist facilities will
be made aVailablé during 1982 in accordance with this plan
(care is to be taken to minimize . tourist impact on the all-
uvial system). There is a possibility that an educational
camp may be established for schoolchildren con the Rukomechi
River. The safari areas (Urungwe, Sapi, Chewore) may be
elevated to National Park status in the future if this is
justified by public demand for further non-hunting wildefness

recreation.

Traditionally, Mana Pools has been a fiSherman's haven, but
there now appears to be some conflict between the advocates
of unspoilt wilderness. and the fishermen, who use power boats
on the river and whose extraction of fish is in itself a con-
travention of the purer ideals of wildlife preservation.

This problem was one of the themes to emerge from a survey

of tourists that was conducted at Mana Pools during 1981.
aAnother theme was the appreciation that people felt at being
permitted to stroll around»the parkland, without guides; this
is permitted at Mana Pools, in contrast to other parks con-
taining big game, due to the good visibility that is afforded
to both the tourists and the animals, reducing the possibility
of sudden, dangerous encounters. buring the survey, 123
questionnaire forms were completed by visiting parties, of

which 90 per cent expressed a desire for the creation cof
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walking trails, as opposed to additional roads for vehicle
travel. There is a .clear need for interpretive facilities.
When asked if the park was overcrowded with tourists, 72 per
cent of respondents answered "no”; it secems that the present
policy of providing one large central camp so that human
pressure is concentrated at a particular locality, keeping
the rest of the alluvial area as untouched as possible, is
sound while the emphasis remains on game«viewing from
vehicles, Perhaps in the future, when the demand for the
“african wilderness experience" rises, it would be desirakle
to have the main camp away from the. river frontage and to
develop a system of walking trails and overnight camping
spots (each with the basic facilities of a "long-drop" and

a fireplace) rather than a road network that could carry a
lesser amount of people before reducing the wildermess

gquality of the sensitive alluvial area.

The Department of National Parks and Wildlife Management
keeps entry fees and camping fees as low as péssible, and
access to the park is democratically‘controlled by a
“waiting-list"system. However, it has been realised that
the area has the potential to generate substantial revenue
from wealthy (mostly forelgq) tourists who are prep:red to
pay high fees for exclusive tours permanent structures
could not be built within the park by tourist organizations
wishing to exploit this potential, but small areas have been
demarcated on either side of the park where non-hunting
safari operations could be based. At least one of these
sites, near the sSapi confluence, is to nhe utilized during
1982 for a "low density/high cost" tourist operation (12 bed
tented camp). The general Opinion of leading operators in '
the non-hunting safari business is that the Mana Pocls all-
uvial system could be best utilized és a 4-5 day stop-over
for smail groups on package tours, providing an additicnal
facet to complement tourist attractions such as Victoria

Falls, Wankie and Lake Kariba.

2.15.2 The Attraction of Lake Mupata

In the tourist survey mentioned previously, 100 per cent of
the respondents said that they wished to return to Mana Pcols

(with an average desired stay of 7,8 days per year), whereas
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only 43 per cent éaid that they wbuld'be interested in holi-
days at Lake Mupata (3,4 days per year). It may be true
that many pecple who went to the trouble of completing and
returning the questionnaires were wildlife 'enthusiaste who
regarded the Mupata scheme as anathema, but on the other hang
it may be presumed that fishermen who were likely to benefit
from the creation of the lake would have made a>similar
effort to express their point of view. The results of the
survey can by no means be regarded as the "average Zimbabwean
tourist's response" to the choice between Mana Pools and

Lake Mupata; however, taken in context the results are still
- significant in proving that the creation ©f the lake would
entail the loss of a major recreational amenity. Profession-
al operators of non-hunting safaris emphasized the need for
diversity in the tourist attractions that a country is able
to boast, and felt that Lake Mupata would be too much like

Lake Kariba, whereas Mana Pools is unique.

In fact, Lake Mupata would probably be somewhat less attract-
ive for tourists than Lake Kariba, once its initial novelty
wore cff, due to the navigational difficulties (weed mats,;
shallowness, submerged {rees, bands of rushes and reeds),

the unattractive shoreline on the Zimbaowean_side (monotonous
mopane wocdland and dense jesse thickets) and lack of services.
A feature of the Mana Pools alluvial system is the apparent
absence of tsetse flies that abound in the mopane and jesse
areas; tourists on the shoreline of the new lake would be
plagued by these pests. When asked if they thought that the
area between the alluvial system and the Escarpment was worth
developing for tourists at present, 67 per cent of respondents
in the questionnaire survey said "no", indicating that the
portion cf the Valley remaining after the creation of Lake
Mupata would not constitute much of a tourist attraction

even for wildlife enthusiasts. Fishermen would find the

new lake to contain abundant good-sized fishes such as'bream
species, Tigerfish and vundu, but the creation of this new
lacustrine fishing attraction would involve the loss of

Zimbabwe's major big-river fishing attraction..
J g



2.16 SAFARI HUNTING

(Information derived from the‘conﬁributions of Booth, 1981,
and Stanning, 1981)

2.16.1 Safari Hunting in Zimbabwe

The- safari industry in Zimbabwe has developed steadily since
the early 1960's, despite the setbacks suffered during the
war years. Today this industry generates a substantial
amount of foreign currency and provides employment for a
large number of people. The viability of the incustry, with
its high overheads, is cbviously dependent on the number of
trophy animals available, especially of key species such as
Elephant, Buffalo, Lion and Leopard. oniy a limited number
of hunters are able tc afford such safaris and thus the
business is extremely competitive. ‘'The successful safari
operators have taken a number of years to establish them-
selves and to build up their reputations in the hunting

fraternities of Europe and america.

The income of a safari operatér is obtained largelybthrough
the number of hunter-days that are generated during the
hunting'season. | Hunter-days are the number of days that a
specific hunt is booked fdr'and not the actual number of
days spent hunting. For example, if a company offers a
10-day Buffalo safari and the trophy is bagged after 5 days,
thevciient is .liable to pay for a full 10-day safari even
though he may have stopped hunting immediately after shooting
his Buffalo. The number of hunter-days that comprise each
safari vary according to the desired trophies. For example,
Elephant bulls may be shot on a 2l-day safari, Buffalo on
10-day safaris and antelope on safaris of 7 daye or less
(these figures have been generalized; safafi operators offer
~various "deals™" in order to generate as many hunter-days as
possible). The average daily rate charged to the client in
1981 (exclusive of Government trophy fees) was USZ550 per
day (hunters usually kring a companion, making the average
daily rate USg625 per day). Hence, if the Elephant quota
(for instance) is reduced for an operator by one animal, it
means that the operstor stands to lose the income from a
2l-day safari worth uUsgl2 000 or more.

The setting of quotas by the Department of National Parks and



Wildlife Managemeﬁt is based on the estimated status of each
animal population, which varies according to factors such as
habitat reduction and disease. Since the economics of the
safari industry are so finely tuned to the numbers of key
spegies available, reductions in quotas need careful consid-

eration before they are implemented.

2.16.2 Safari Hunting in the valley

The Urungwe, Sapi and Chewore safari areas have been reserved
largely for local usage in the past. Camps were sited at
intervals along the Zambezi River and on or just below the
Escarpment. People submitted their applications to hunt in
specified areas and were selected by the authorities through
a lottery process. General game licences could be purchased
by the lucky epplicants to cover antelope and lesser species,
while specific licences were required for the hunting of
Elephant, Buffalo, Lion and Leopard. - During the war, hunting
in the valley was virtually curtailed. Once hostilities
ceased, it was decided to change the previocus pattern of
hunting in ordexr to generate greater revenue from.the area.
Accordingly, those wanting a specified hunting concession in
the valley were invited to place a tender and the highest

bid was taken. The new system resultéed in the intended
increase in revenue, with all 133 concessions in the Zambezi
wWildlife Estafe belng eagerly sought; bids for some l4-day
hunts ran toc around zgl0 000. Many of those who submitted
tenders in 1981 were commerc1al safari operators who used
their concessions for huntlng by foreign clients. The
hunting season in the Valley is from lst May to 31lst October.

A questionnaire survey of safari-operators was carried out

to establiish how the? rated various hunting areas in Zimbabwe,
according to certain factors, The results, shown in Table
12, indicate that the safari areas of the valley are very

attractive for commercial hunting.

2.16.3 Effects of the Mupata Scheme on Safari Hunting

Hunters on safari tend to be somewhat single-minded in their
desire to secure prize trophies, and the character of the

- country in Which they hunt is generally of subsidiary
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importance toc the availability of game. Thus, although
concessions in the Valiey that enable camping on the edge of
the Zambezi River are particularly popular. the main impact
of Lake Mupata on hunting would come throucgh its adverse
effect on large mammal populations, with the inundation cf
the scenic riverine area being of lesser significance.

As discussed in 2.8.2, the former effect would come about due
to the decrease in the overall mammal carrying capacity of
the Valley with the loss of the Zambezi alluvial system;
since any reductions in quotas are keenly felt by the safari
induétry; this would have serious economic repercussions,

as shown by Stanning (in preparation). The proposition that,
in the short-term, increased quotas might be made available
to hunters due to the need to cull certain species is not:'
feasible because culling operations require great efficiency
_and considerable scientific involvement to be successful;
hence well-trained culliﬁg teams are essential. On the
positive side, the Mupata scheme would facilitate communi-
cations, and some safari clients might f£ind the fishing
attractive, although they can presently fish in the zambezi

River anyway.

2.17 MAN-MADE STRUCTURES AND COMMUNICATIONS

2.17.1 Man-Made Structures and Communications in the Valley

The Valley is one of the most undeveloped parts of the
country. The only village is the small border post of
Chirundu; apart from this, people are permanently resident

at the Rukomechi Tsetse Research Station and at the Mana Pools
and Chewore camps of the'Department of National Parks and
wildlife Management. The only tarred road is the Makuti-
Lusaka road, crossing the Zambezi River via the Chiruncu
Bridge (completed in 1239). All-weather gravel roads are
the ¥security road" running along the base of the Escarpment
from the Makuti-Chirundu road to the Angwa Bridge in the
Dande area, and the road to Mana Pools. Since the cessation
of hostilities, safari operators have opened up tracks in

the hunting areas, although not all roads in the Chewore

area have been checked for landmines.
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2.17.2 Impacts of the Mupata Scheme on Man-Made Structures

and Communicaticns

Very few buildings would be inundated; these would essentially
be the staff quarters and tourist facilities at Nyamepi Camp
(Mana Pools), the quarters of the Ranger in charge of the
Chewore area, possibly some buildings at Chirundu (buildihgs
en the Chirundu Sugar Estate appear to be ruined anyway) and
a few camps that are temporariiy occupied by hunters aﬁd
fishermen. A loss would be the foft at Mana Pools in which
National Parks personnel lived during the recent war; this
well-made structure might be of histoficaL_interest in years
to come. The road approaches to the Chirundu Bridge and
the approach spans of the bridge itself would require alter-
ations that are estimated. to amount to about a quarter of a
million dollars (at current costs). Two sections of the
‘Chirundu-Makuti road would have to be raised; it is thought
that the changes to the road may be within the scope of road
retirement works that are planned anyway.

The tarred access road that would be required for the
construction of the Mupata Dam would obviously enhance
communications in the Kanyemba area, although it should be
pointed out that there is little scope for development here
apért from the hydro-electric scheme, and the existing all-
weather gravel road from Sipolilo meets the present require-
ments of the local people; . However, the dam would provide
another road-link with zambia, and, if the ‘economy of _
Central Africa improves, a rail-link between Salisbury and
Lusaka could be aligned across the dam,

Much publicity has been given to the possibility of a
"waterway to the sea' for Zimbabwe; it has been suggested
that barges could ply up'and down the Zambezi River, carrying
the country's imports and exports at relatively low costs.

A system of dams, locks, dredged channels and ship-lifts
would be required. Mitchell (1981) states: ".... the key

to the possible commercial navigation of the Zambezi is the
Mupata Gorge Dam ...." However, the section of river below
Cabora Bassa has so many sand bars that considerable engin-
eering work would be required here before barge-navigation

in the middle-Zambezi section could be considered, and it



does not seem likely that Mocambique would réadily help
finance the construction of at least three locks on the lower
Zambezi[ since it would not ﬁeed the transport route. Also,
some basic economic questioné have yet to be answered: what
would be sent down the waterway, and why should the waterway
be a cheaper means of transport for Zimbabwe than s more
direct rail-link? Overall, the "highway to the sea" seems

a fanciful notion at this stage in Zimbabwe'‘s development,
and the usefulness of Lake Mupata in terms of water transport

would be in a local rather than a regional context.
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~ THE BATOKA SCHEME
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3.1 CLIMATE

3.1.1 cCurrent Climatic Cohditions'in.the Victoria Falls ares

No meteorological data are“available'for Batoka Gorge itself;
the two nearest stations at which observations have been made
are the victoria Falls Poliée‘Camp, in the town of victoria
Falls, and the Victoria Falls Airport, about 18 km south of

~ the town and about 16 km south-west of the Zambezi.

It can be seen from Tables 13 and 14 that rainfall (600-700 mm
per annum) occurs in a single seaéon around Deceﬁber, January
and February; the hottest month is October, when daily maximum
temperatures are around'34o C, ahd the coolest month is June,
when the daily maximum témperatures are around 25o C.

The prevailing winds are from the east, blowing at a daily mean
of just over 4 knots during most of the year; this average
speed increases to around 6 knots in September and Cctober.

The winds back (develop a more northerly component) during the
day, to reach peak speeds between 1000 hours and 1200 hours
(averaging about 10 knots at this time during September-Cctober) .
In the afternoon the winds veer (develop a more southérly
component) and weaken. - In Jahuafy the winds remain somewhat
more northerly than in the rest of the year. Gusty conditions
are relatively infrequent, but gusts reaching or exceeding 45
knots ccecasionally occur at Victoria Falls during November and

December, associated with' thunderstorms.

3.1.2 climatic Effects of Lake Batcka | |
(Information derived from the contribution of Torrance, 1981)

"No measurable climatic effects on the surrounding
country are expected, other than microclimatic changes
on the gorge walls where the riverine vegetation should

redevelop at a higher level.®

The Batoka Gorge is a deep, winding gash in the countryside,
rather than a funnel extending from lowland into higher terrain
(such as Kariba Gorge), so winds in the Gorge, with or without
Lake Batoka, are unlikely to be stronger than over the surround-

ing area.
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CTIMATCIOGICAT DATA FROM VICTORIA FALLS‘DOLICE STATION
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3.2 GEOLOGY AND GEOMORPHOLOGY

3.2.1 General Geology of the Ratoka Gorge Area

(Information derived from Merz and McLellan, 1981)

The Batoka Gorge area is underlain by a thick sequence of near-
horizontal basalt lava flows belonging to the Karco system of
Jurassic age (about 150 million years B.P.). Several individ-
ual flows can be recognised in the cliffs of the Gorge, with
each flow having a massive, jointed central part and a rubbly
‘top and bottom. Locally the lavas are overlain by windblown
’sands of the Pleistocene Kalahari system. A major feature of
the area around the Gorge is the well-developed system of faults
(joints?) in the Karoo basalt. Some mineralization and alter-
ation has occurred along these faults with the consequent form-
ation of secondary minerals, including chlorite, and extensive
véining. These rocks along the faults are somewhat softer than
the unaltered basalts and have been eroded to form steep-sided
vallies and gullies. The faulting apparently occurred prior
to the deposition of the Kalahari sands; some joints may have
formed as shrinkage cracks when the lavas cooled, but the east-
west sets have been emphasized by later crustal movements

(Bond, 1975). ' |

3.2.2 Erosion and Deposition in Batoka Gorge

It seems likely that'in'fhe geological past the ﬁpper—Zambezi
flowed south through the Makarikari area of Botswana and joined
the Limpopo River, and the middle Zambezi was a completely
separate river system (Bond,fl975). A gentle upwarp south of
the Makarikari area may have broken the Zambezi—Limpopo
connection and impounded the water in the Chobe-Makarikari
swamp system; the water would have ovefflowed into the middle-
zambezi headwaters, forming a . waterfall on the west flank of
the present Matetsi Vvalley. The modern course of the Zambezi
was thus established in the earliest Pliocene (Lister, 1980).
At the end of the Pliocene and passing into the Pleistocene,
severe crustal warping resulted in the new base levels being
formed, and the Quaternary erosion cycle was initiated (Lister,
1980). - A nickpoint between this erosion cycle and the
slightly older post-African is represented by the present line

of the victoria Falls, which is only a {geologically-speaking)
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temporary feature in the process of upsfream retreat of the
waterfall from the ‘Matetsi confluence. The zig-zag form of

the Gorge and the steepness of its walls are due to the presence
of the joints in the basalt, along which the ‘river channel has
been groded. In time, the nickpoint will move upstream out of
the area of jointed basalt that is suitable. for the development
of a waterfall and will become less well-defined.

Virtually no deposition takes place within the Gorge because
the speed of the current is so great and because the upper-
Zambezi water has a very low sediment content {(material is left

in the upstream swamp sections).

3.2.3 Effects of the Batoka Scheme in Relation to Erosion

and Deposition

Due to the hardness of the basalt walls of Lake Batoka, shore-
line erosion would be insignificant, and with the low sediment
input (see 3.10.1) the rate of siltation would be extremely

slow.

3.2.4 Mineral Potential cf the Area around Batoka Gorge

(Information derived from the contribution of Anderson, 1981)

Thé Karoo lavas and Kalahari sediments are barren of minerals,
"The nearest known deposits (coal, cassiterite, wolfram-
ite, fluorite, copper, fireclay, lead, tantalite and
mica) are spread from the vicinity of Wankie to east of
Kamativi. Potential exists at Katete, north-west of
Kamativi, for phosphate and limestone, and in the Karoo
sediments extending.from Robins Camp eastward for .

uranium discoveries."

'3.2.5 ffects of the Batoka Scheme in Relation to Exploitation

of Mineral Deposits . ‘
(Information derived from the contribution of Anderson, 1981)

"Access roads and water supplies associated with the
Batoka scheme would be remote from minera; deposits
and would therefore have no influence on their exploi-
tation." '

The Wankie thermal station should meet the requirements of the
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mining industry in the region for many years to come.

3.2.6 gseismicity in the Batoka Gorge Area

(Information derived from Merz and McLellan, 1981)

The Gorge is in an area of low to moderate seismic activity
with numerous events of magnitude less than MS= 3,5 Qccurriﬁg
each year. No particularly strong earthquakes have been
detected in the vicinity of the dam site. The distribution
of shocks in the Batoka Gorge area suggests that they may be
associated with the faulted contact between the Karoo basalts -
and the Karoo sediments, which cutcrop to the south-east of

the Gorge, around Wankie.

"3.2.7 Seismic Effects of Lake Batoka

Being so small, the reservoir would be unlikely to induce
significant seismic-activit&.‘ Any shocks that might occur
would be most unlikely to damage the wall.

3,3 SOILS AND IRRIGATION POTENTIAL

3.3.1 Soils and Irrigation Potential of the Batoka Gorge Area

The tgrrain in the vicinity of the Gbrge is very broken, with
much basalt rubble, and 5-10 km to the south an extensive
area is overlain by sandy Xalahari soils. The greatest
irrigation potential is that of isoléted patches of deeper
basalt soils where the slopes are moderate, and of pockets

of alluvium in the major river valleys, such as the Deka and
Matetsi. No soil survey has been carried out in the area,
and no irrigation has been attempted. '

3.3.2 Irrigation Potential with Lake Batoka

Although it would probably not be worthwhile to pump water to
any soils along the Gorge, the ifrigation potential of the
Kalahari soils to the south, though slight, should not be dis-
regarded. With increasing research into useful plants of

semi-arid zones, such as the 0il-yielding Jojuba (Simmondsia

sp.), it is likely that the easily-tilled Kalahari soils of
this inhabited area will be used for the commercial product-
ion of some crop before long, and the availability of water
from Lake Batoka might become significant.
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3.4 VEGETATION

3.4.1 vVegetation of the Batoka Gorge
(Information derived from the contrlbutlon of Muller and

Pope,

1982)

"The vegetation within the Gorge for a distance of

40 km upstream of the Moemba Rapids was briefly
sampled by listing the woody species and recording
their cover abundance according. to the Braun
Blanquet scale. Eleven sites were sampled, in
October, 1981, selected subjectively to include all
apparent environmental variéti&n‘and species com-

position."

' "The investigation revealed three main vegetation

types, and these appeared to be related to the slope
and proximity of the river,

- These are as follows:

i) Riparian vegetation This consists of a

narrow fringe of riverine trees along the Zambezi
River flood-line. This fringe only becomes broader
at occasional bends in the river channel where there
is more flat ground. The main tree species include
Dlospyros mesplllLormls, Garcinia llVlngstonel,

Mimusops zeyherl, Manllkara mochisia, Ficus ingens,

Trichelia emetica and Rhus quartlnluu .

Where the fringe is better developed Acacia nigrescens,

Lonchocarpus capassa, Triplochiton zambesiacus and

Combretum imberbe can occur.:

Common shrubs are Fr1esod1els1a obovata, Securinega

virosa, Bridelia cathartica, Nuxia oppositifolia,

Jasminum stenolobum, Tiliacora funifera, Artabotrys

brachypetalus and Hippocratea africana. The last

three can grow into lianas.

- 4i) Colophospermum mopane woodland This is a

mopane-dominated open woodland with scattered shrubs
and a grass cover. It occurs only on the flatter
slopes of the Gorge, found downstream towards Moemba
Rapids. Slopes of approximatély 20° and bares rock
outcrops of up to 50 per‘cent of the area are typical
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in this vegetation type. The dominant trees are

Colophospermum, mopane and . Combretum elaeagnoides.

Other common trees are Commiphora mollis, Terminalia

stuhlmannii, Erythroxylum zambesiacum, Combretum

apiculatum, Sclerocarya caffra, Diospyros quiloensis,
Lannea discolor, Kirkia acuminata, Terminalia pruni-

oides, Sterculia africana, Commiphora pyracanthoides

and Commiphora mossambicensis.

The common shrubs are Gardenia resiniflua and Carphalea

pubescens.

Occasionaliy’Commiphoré mollis dominated thickets

were observed below the mopane woodlands where the

gorge slopes become flatter.

The associated tree species found in these thickets

are Commiphora caerulea, Diospyros quiloensis, Acacia

sehegal var. leiorhachis, Terminalia stuhlmannii and

"Kirkia acuminata:  The shrub species in these thickets

are Grewia flavescens, Gardenia resiniflua, Vitex

petersiana, Grewia bicolor and Pavetta gardenifolia.

iii) Mixed species woodland This is a dense wood-

land with a thick shrub cover, becoming more open up
the slopes of the Gorge. It occurs on the steep
25-30° slopes between the river bank and the foot of
the cliffs and is found in the middle and upper regions
of the section of gorge upstream from Moemba Rapids.
.Rock outcrops comprise about 60 per cent of the area.

A more detailed study would perhaps define two to

three sub-types of this woodland, related to the pro-
portions of boulder scree and rock outcrop. Important
tree species are Ccommiphora caeruléa, Markhamia acu-

minata, Gyrocarpus americanus, Diospyros quiloensis,

Entandrophragma caudatum, Sterculia africana, Kirkia

acuminata, Albizia brevifolia, Terminalia prunioides,

Commiphora mollis and Commiphora marlothii.

Triplochiton zambesiacus is common to dominant in

places, while Picus glumosa and Ficus soldanella are

conspicucus but occasional. Afzelia quanzensis is

common on the lower slopes.

The shrub layer contains Croton menyhartii, Gardenia
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resiniflua, Hippocratea buchananii, CGrewia flavescens,

Strophanthus kombe, Tricalysia junodii, Euphorbia

espinosa and occasionally Euphorbia cooperi.

' Shrub forms of some tree species are also an important
component of this woodland. Fockea multiflora is

common in the shrub layer and often as a liana
climbing into trees."

3.4.2 The Impact of Flooding on the vegetation

‘"Since the woody species recorded in the area that
would be submerged are common elsewhere there is no
threat of a species becoming extinct. Of the three
vegetation types described, the riverine vegetation
and the Colophospermum mopane woodland are bbth well

represented in the area of Batoka Gorge which would
not be flooded, and are common elsewhere. The mixed
‘species woodlands are not known to occur cutside the
Gorge and the areas where they are best developed
would be submerged. However, sufficient of this
vegetation type occurs above the floodline to prevent
it from being totally lost. Any riverine fringe '
development along the new shoreline would depend on
the presence of_a_screevslope;"_
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3.5 TERRESTRIAL INVERTEBRATES

3.5.1 Terrestrial Invertebrates of the Batoka Gorge Area

(Information derived from the contribution of Phelps, 1981)

"There is no detailed knowledge of all the terrestrial
invertebrate groups in the Batoka Gorge and its envi-
rons. The Gorge may contain some specialized
habitats, but the walls of the gorges along the
Zambezi and its tributaries are inhospitable places,
and do not cafry large populations of invertebrates.
The area between the Gorge and the Bulawayo-Victoria
Falls road has been sparsely settled for a long
period of time, and the habitats have suffered some
of the consequences of human settlement. Most of
this area is barren, with poor soils, low effective

rainfall and high temperatures."

3.5.2 Impacts of the Batoka Scheme on Terrestrial Invertebrates

* The Impact of Inundation énd Water Control

"Filling the lower levels of the Batoka Gorge will
remove some invertebrate habitats but fairly similar
habitats will remain in the downstream gorges (Devils -
Gorge and Kariba Gorge), and on some of the Zambezi's
tributaries. Elimination of any terrestrial invert-
ebrate species is therefore unlikely. The species
diversity in the area of Batoka Gorge is unlikely to
change, and flooding will not have much impact on the
numbers of terrestrial invertebrates. As the lake
will be confined within the Gorge, variations in |
water-level will not create any new habitat types,
and it is unlikely that any invading species of ter-
restrial invertebrates will become established."

The Impact of Construction Camps and Permanent Townships

wThe establishment of construction camps and permanent
settlements will result in destruction of some inver-
tebrate habitats. control of malaria vectors, ticks
and other nuisance species will involve the dispersal
of pesticides in the vicinity of settlements, and this

will have an adverse effect on other invertebrates.
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As the area is already settléd,'some of these effects
are already present and the scheme would only intensi-
fy them."® ’ '

3.6 AMPHIBIANS AND REPTILES

3.6.1 amphibians and Reptiles of Batoka Gorge

The Gorge does not constitute a favourable environment for
amphibians and reptiles. - The absence of reeds and rushes
eliminatés mbst semi-aquatic reptiles and amphibians
(Broadley, 1975), and the flushing action of the annual
floods is another unfavourable factor. During two days of
helicopter flights through the Gorge in October, 1981, only

- two small Nile Crocodiles were seen.

3.6.2 Impacts of the Batoka Scheme on Reptiles and amphibians

Overall, the impacts of the scheme are likelv to be beneficial
rather than adverse. The lake ‘would have few shallow inlets,
but in these there should be some development of reeds and
rushes (restricted by the_Seasonél fluctuations in water
level) which would favour amphibians._ The crocodile populat-
ion might expand with the slightly more favourable breeding
conditions, but could be easily controlled if a threat to

recreationalists. .

3.7 ORNITHOLOGY

3.7.1 Bird Populations of Batoka Gorge

No ornithological work, apért from a few casual observations,
is reported for the Batoka Gorge area. Apart from.éome
birds utilizing the narrow fringe of riparian vegetation at
the base of the scree slopes, and some birds nesting on the
upper cliffs, few birds are to be seen in the Gorge.

Black Storks (Ciconia nigra) and the rare Teita Falcon (Falco
fasciinucha) have been known to breed on the upper cliffs of
the Gorge. It seems possible that the White-collared
Pratincole (Glareola muchalis) might utilize the boulder-
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strewh stretches of the Gorge for breeding, but this has not

been confirmed.

3.7.2 Impacts of Lake Batoka on Birds

The overall impact of Lake Batoka on'birds would be minimal
since so few habitats would be flooded. The Teita Falcons
breed on high cliffs at the upstream end of the Gorge, near
the Victoria Falls, where the change in water-level would
make very little difference. 'Similarly, the creation of
the lake would not'be likely to affect the breeding of the
Blacg'storks and might, in fact, increase -the food supply
for them, as well as providing feeding grounds for various
birds not presently found in the Gorge. Those few birds
that do require the riparian fringe habitat or the rocky
river habitat would still find these habitats downstream
of the dam.

3.8 MAMMALS

3.8.1 Mammal Populatlons of Batoka Gorge

The rocky environment of the Gorge does not hold many
mammals. The gradients are generally too steep, even if
food were available, to attract large mammals other than
Chacma Baboons, Vervet Monkeys and Klipspr 1ngers. In the

" surrounding area, which has less precipitous slopes, some
Eland, Sable, Kudu and Waterbuck may be found, together with
smaller species, although the antelope suffer from the
depredations of local tribespepple. The river within the
Gorge supports a population of Clawless Otters, whichimust
somehow survive the floods. No Hippopotami live here.

3.8.2 Impacts of the Batoka Scheme on Large Mammals

The creation of Lake Batoka would probably benefit the
mammal populaticn since it would make access to water some-
what easier, and it would leave adequate amounts of rocky
cliff habitat for those species that frequent this. The
Clawless Otters would find a very favourable habitat with
the lake since the hazard of annual flooding would not arise
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and flSh stocks shoqu be greater than in the river. A
couple of Hippopotami might find their Way to the lake, where
they could live in the shallower inlets and could graze on
the small amounts of shoreline grass provided their numbers
did not increase. It would be desirable to designate a
strip of land on the Zimbabwean shore of Lake Batoka as a
Recreational Park in order to allow game numbers to build up
(with restocking, if necessary) thus enhancing the attraction

of the lake for tourists.

3.9 RIVER FLOW ‘ : :

3.9.1 The Flow Regime of the Zambezi in Batoka Gorge

The zambezi within Batoka Gorge presents a spectacular sight
in both the wet and the dry seasons. In the wet season, the
river rushes through the deep cleft in the basalt as a foam-
ing torrent, and in the dry season it swirls along a narrow
channel between the black fissured outcrops and scree banks
that are then exposed. The process of wearing its channel
into the solid rock has taken the river such a long time
that any relatively recent changes in the river flow are of
little geomorphological significance. Ecologically too,
variations in annual river flow within the Gorge ere of far
lesser consequence than the variations in annual flow down-
:stream of Kariba.. There is no upstream regulation on the
Zambezi, so the river flow consists simply of the Upper
Catchment runoff; the variations in this runoff since 1924/
25 have been discussed previously (2.9.1). The maximum
flow is generally in April, while the minimum flow is

generally in November. (See Fig.l9)

3.9.2 Impacts of the Batoka Scheme on River Flow

The Batoka scheme would be operated in a run-of-river mode.
Losses due to evapotranspiration would be insignificant.
"The total storage capac1ty of the Batoka reservoir
would be less than 2 x 10 m3, of which only some
20 per cent could reasohnably be used as live storage.
There is therefore no scope for over-year storage

nor even for any significant seasonal regulation.
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FIG. 19

UPPER CATCHMENT MONTHLY RUNOFF FROM OCTOBER 1975 TO SEPTEZ

S
STIIBER

PRrER e APy &Y

. L 3 j
\© < ) ~N - O o« <0 ~ \U) n < N N -~ o
- - —

THOUS AND  MILLION cCuvs/C METRE S

- (Oviginal dota /‘/om Central A///‘can Powet  Corboration , 1978, 1981.)



- 155

However, apart from daily and weekly variation to suit
system load, it may be possible to enhance flows during
the critical dry months of October and November in
certain years." (Merz and McLellan, 1981, vol.2, 5.34)

TABLE 15

PROJECTED RIVER FLOWS IN BATOKA GORGE (x 10° md)

(Merz and Mclellan, 198l)

Minimum ~ Mean ' Maximum
aAnnual flow E 22,0 " 44,3 68,5
Menthly flow 0,5 3,7 i 20,8

"Due to the small size of the reservoir, it would be
necessary to time closure to coincide with minimum
river flows i.e. in Septembér, October or November® -

(this would give maximum time for remaining work on the wall
to be completed). ‘ "

"In an average year, the reservoir would then fill in
about 30 days ecece. "

3.10 LIMNOLOGY

3.10.1 Physico-Chemical Characteristics of the Zambezi

River above Lake Kariba

Physical and chemical conditions of the river vary greatly in_
obvious accordance with the flow regime. During the high-
flow period (about February to June), the flushing effect and
large volume inhibit any slight influence that local condit-
ions might have on the water's chemical composition; in
general, concentrations of major ions are reduced to one
third of their annual maximum values (Balon and Coche, 1974 .
The conductivity thus varies during the year from about

40 }15cm—l (high-flow period) to about 120 pScm-l (low-flow
period). - In Batoka Gorge, the water is affected little by
local conditions even in the low-flow period due to the in-
solubility and reduced release of minerals from the basalt
rock, and to the lack of biotic influences, relative to other

sections of the Zambezi.
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The maximum water.temperature (not exceeding 30° C) is thought
to be reached in January, as the flow increases, and the
minimum (above 15° ¢) in June-July. The water remains well-
oxygenated throughout the year. The Barotse Plainé and the
Chobe Swamp act as sediment traps so that the water passing
over the Victoria Falls carries a relatively light load of
silt. Most silt is carried when the river flow is high, so
the depth of visibility is at its minimum when the flow is

at its maximum.
TABLE 16

SOME MEASUREMENTS OF BATOKA GORGE WATER, OCTOBER 1981

conductivity 97 }1Scm"l

PH 7,8
Temperature . 23%¢

o, | 9,137 mgl_i
NH, 0,011 mgl:l
NO, 0,018 mgl™"
PO, | 0,020 mgl™t

3.10.2 The Limnology of Lake Batoka

(Information derived from the contribution of Magadza and
Fair, 1981, and Marshall, 1982)
The surface area of Lake Batoka {about 20 km2) would be
comparable with that of Lake McIlwaine ‘(near Salisbury) but
Lake Batoka would have 7 times the volume and 160 times the
annual inflow. These features would make it a unique lake
in Africa, being possibly closer to the Kafue Gorge reservoir
than any other. Perhaps the most important aspect of Lake
Batoka would be the rapid throughflow of water; its replace-
ment time has been estimated at 15 days, and in peak-flow
periods this could be as low as 3 days. This means that the
reservoir could only stratify for very short periods (with
the thermocline near the surface) when inflow is at its lowest,
and it would be unlikely to develop a deoxygenated hypolim-
nion as there would be little accumulated organic matter on
the bottom, and the presence of the world's largest waterfall
at its head means that the incoming water would be thoroughly
oxygenated.'



157

At the height of the Zambezi's annual flocding, the flow
velocity in the reservoir might be in the order of 20 km per
day and turbulent mixing would occur. The rapid throughflow
of water would inhibit the development of plankton populat-
ions, except possibly in the late dry season'(plankton pop-~

- ulations may be limited further if extensive weed mats re-

duce light penetration).

The mean conductivity of Lake Batoka is estimated to be
about 80 pScm—l. 2Assuming an average depth of about 70 m,
this gives the reservoir a morphoedaphic index (see 2.10.2)

of 1,1.

3.11 AQUATIC VEGETATION

3.11.1 Aguatic Vegetation of Batoka Gorge

The rocky walls, swift water and variable water-level at
Batoka Gorge are not conducive to the development of
‘aquatic vegetation. A few riverbank plants, such as
Phragmites reeds and Cyperaceae, are able to grow on small’

pockets of alluvium in a few places where the force of the
flooding water is reduced and a supply of seepage water is

available throughout the year.

3.11.2 Aquatic vegetation of Lake Batoka

(Information derived largely from the contribution of Magadza
and Fair, 1981, and Marshall, 1982)

Rooted aquatic macrophytes are unlikely to grow along the
shoreline of Lake Batoka, except in a few inlets, due to the
steep, rocky sides and likely fluctuation in water-level.
However, floating aquatic weeds would be most important.

Salvinia molesta (Kariba Weed) could assume nuisance propor-

tions, especially in the rather dendritic eastern portion of
the lake. Cyperus papyrus could also establish itself, fcrm-

ing rafts, as it is often carried over Victoria Falls from

the upper Zambezi. Vossia cuspidata may similarly form

rafts; this grass is well-established in Devils Gorge.
Eichhornia crassipes (Water Hyacinth) and Pistia stratiotes

{(Water Lettuce) are unlikely to be troublesome on Lake

Batoka as they would be on Lake Mupata, due to the lower
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nutrient status of the former-reservoir. Besides; Eich-
hornia has not yet been recorded in the upper-Zambezi.

Salvinia has been steadily colonizing the open waters of the
Okavango Swamps, despite a nutrient status not significantly'
higher than that of the Zambezi River (Seaman et al., 1978;
Mitchell, 1970) and at Lake Batoka the rapid throughflow of
water would certainly maintain adequate levels of nutrients
for Salvinia to spread, possibly over the entire surface of
the lake. Wind and wave action on Lake Batoka is likely to
be minimal due to the restricted surface area and winding
form of the reservoir, so weed mats would cohere. During
the flood period the water might move in a current of 20 km
per day, which would tend to pack floating weed mats above
~the dam wall.” ©n the Kafue Gorge reservoir it was found
necessary to use explosives to dislodge such compacted weed

mats.

The possible influence'of inverﬁebrates in controlling the
floating weeds'(as discussed in relation to Lake Mupata) is
a debatable issue. Spraying of herbicides might be a feas-
ible control strategy over some parts of the reservoir, and
floating booms across the narrow stretches might be used to
keep the weed mats out of the cleared parts., Consideration
should be given to th€ design of the floodgates, since the
spillage of water from the top of the reservoir would remove
large quantities of weeds. - Possibly the saddle-dam that is
to be built just to the south of the main wall could incor-
porate the appropriate type of floodgates. With such steep
sides, drawdown of Lake Batoka would not strand a significant
quantity of floating weeds, although the fissures in the
basalt might trap a small amount. If the weeds are to be
controlled, removal of mats should commence as they first
develop to prevent the invasive species from becoming
established.

Although a hindrance to human activities, the floating macro-
phytes would be useful in the aguatic ecology since they
would retain nutrients within the reservoir, they would pro-

vide invertebrate and bird habitats on the lake surface and
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along the shoreline (when stranded), they would afford pro-
tection for small fish and théy.might‘help provide a éub- ‘
strate for the develcpment of vegetation along the inhospit-
able shoreline. With the absence of semi-submerged trees,
and with the deep water and reduced wave action, it would be
fairly easy to harvest water weeds and to lift them out of
the Gorge with elevators, cranes or pumps; Aquatic macro-
phytes such as Salvinia have been shown to be of use in the
production of biogas and fertilizer (anon., -1976). The
Kalahari sands around Batoka Gorge could be much improved
“for agricuiture through the addition of compost made from

harvested water weeds.

3.12° ICHTHYOLOGY

3.12.1 The Fish of Batoka Ggorge

With the Victorié Falls acting as a unique zoogeographical
barrier, the fish species composition of the swift waters

in Batoka Gorge is different to that of the wide, shallow
river above the Falls, although there is a faint possibility
‘that some of the smaller species might be able to survive '
the drop of 90-95 m. = The fish fauha.occurring‘in the in-
hospitable aquatic environment below the Falls is probably
limited in diversity to less than half the species found
above the Falls, and is thought to be similar to that of the
stilling pool below Kariba Dam. Species that are character-
istic of these turbulent Zambezi waters are the squeakers
(Synodontis spp.), the rock catlets (Chiliglanis spp.) and:
the Red-eye Labeo (Labeo cylindficus). The inaccessability
of the Zambezi in the Gorge and its low stocks of fish
reduce its attraction for fishermen, although in October,

1981, several temporary fishermen's huts and smoking racks
were observed on the Zambian bank in the vicinity of the
Chibonga River. During the high-flow pericd, fishing in

the Gorge would be impossible.

3.12.2 The Fish of Lake Batoka
(Information derived from the contribution of Marshall, 1982)

Lake Batoka would be dominated by riverine species, including
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fishes with sporting or commercial value, such as Hetero-
branchus longifilis (Vundu), Distichodus spp. (Nkupe and

Chessa) and Labeo congoro (Purple Mudsucker). The Tiger-
fish (Hydrocynus vittatus) would be the main predator.

The cichlids (tilapias) would be much less abundant except
perhaps in some localities where inflowing streams might
provide suitable habitats. Several smaller species, that
are rare in large reservoirs such as Lake Kariba, would prob-
ably thrive in Lake Batoka; these would include Barbus spp.,

Opsaridion zambezensis, Labeo cylindricds, and Chiloglanis

spp. Both Alestes imberi and alestes lateralis would be

likely to occur, although the former would probably be more
common as it shows a greater preference for rocky shores and

running water.

Plankton populations in Lake Batoka would be so low that
the Kapenta Sardine (Limnothrissa miodon) would not prosper.

However, it would be recommended that its introduction be
attempted since even a small sardine population would be zble
to utilize the available plankton and so retain nutrients and
increase overall fish'production. This.fish is belie#ed td
have played a part in the reduction of Salvinia'at Lake

- Kariba (Marshall and Junor, 198l1) and so might do the same

at Lake Batoka.

3.12.3 Fishery Potential of Lake Batoka
(Information derived from the contribution of Marshall, 1982)

The production potential of Lake Batoka is almost impossible
to estimate because of the lack of comparative data relating
to this type of reservoir. The MEI prediction (see 2.12.3)
is that it would yield 15 kg ha L yr ' (or a total of about
30 tonnes per year). However, this is almost certainly an
underestimate since the Sanyati Gorge of Lake Kariba (to
which Lake Batoka would be similar, in some respects) has
yielded up to 42 kg ha™t yr—l from angling alone (Langerman,
1981), although admittedly yields from the Sanyati Gorge may.
be enhanced by fish movement from the main lake.

The most important development at Lake Batoka may be that of
a sport fishery. The lake would have excellent line fishing
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and wbuid be popular fof spear fishing because of the deep
clear water and lack of crocodiles. ~ Such sport fisheries
are rare in Africa (Willoughby, 1979). It has been estim-
ated that one tonne of fish taken at a recent Kariba Inter-
national Tigerfish Tournament cost SgO'OOO in various expen-
ditures; thus a sport fishery may generate considerable
secondary economic activity. As it would be sited in close
proximity to the major tourist centre of Victoria Falls, a
sport flshery at Lake Batoka would be of great value to the
tourlit 1ndustry.

Lake Batoka would be reached more easily than the Zambezi
within the Gorge and would contain a greater stock of fish

so subsistance'angling would become important to the local
people. A small-scale gill-net fishery could also be estab-
-lished; if this yielded 15-20 tonnes per year it would
support several families, or supplement'the incomes of many
more., Fish poaching could be fairly easily controlled due
to the small size of the lake and the paucity of outlets.

3.13 HUMAN HEALTH

3. 13 1 The Current Health Situation in the Batoka Gorge Area

The general health status of the tribal population living im-
mediately to the south of Batoka Gorge is poor. These people
were translocated to this area from other parts of Matabele-
land and have never reorganized fully after the move (Dr. L.
Westwater, Deputy Secretary for Health, pers. comm.)j.

They suffer from malnutrition, despife previous food aid
programmes, as well as from hyperendemic malaria and schis-
tosomiasis. Measles, tuberculosis, leprosy and scabies

occur at higher levels among these people than in most other
tribal populations. Tsetse fly are absent from the Batoka
Gorge area and therefore trypanosomiasis is not a problem.
Health services in the area are scanty, consisting essentially
of a clinic at victoria Falls and a mine hospital at Wankie.
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3.13.2 Impacts cf the Batoka Scheme on Human Health

Impacts Related to the Creation of a Water-Body

- Much of what has been written on the health aspects of Lake
Mupata (2.13.2) also applies to Lake Batoka. Again, malaria
and schistosomiésis would be important diseases to be reck-
oned with. Althdugh there would be a far lesser amount of
rooted macrophytes growing around the shoreline of Lake
Batoka, mats of floating weeds on the lake surface would
support schistosome-carrying snail populations. Snails of

the genus Biomphalaria, carrying Schistosoma mansoni, would

. prosper on the algae growfhg on rock surfaces, A policy of
maximum lake-level fluctuation, which would facilitate the
control of snails, should be possible, Although Lake
Batoka would have a small surface area, it is not thought
that wholesale application of chemicals to kill snails and
mosquitoes would be a practical proposition, due to the high
cost of this method of control. However, from the point of
disease control, it is fortunate that the shoreline of the
lake would be so inaccessible; contact between man and water
would be concentrated in a limited number of localities,
where spraying of chemicals might be worth trving, and prob-
lems of contamination of the water by human waste are likely

to be reduced.

Filarial diseases, leishmaniasis and diseases due to arbo-
viruses are all possibilities at Batoka Gorge. Filariasis
due to Dipetalonema perstans is most prevalent in dense

forests such as Baikiaea and Pterocarpus forests, especially
on Kalahari sands, and a major focus of this disease exists

in the Lupane/Gwaal area, which is not far from the Gorge.
As previously mentioned, this disease might be spread by
construction workers, but only develops after a prolonged
period of exposure and is not léthal. The environment of
the Gorge, with well-oxygenated water flowing swiftly over
rock surfaces, would seem to be ideal for the breeding of
black flies (simulidze), which are the vectors of
onchocerciasis (river blindness). This filarial disease is
a serious problem in nearby countries such as Zaire, but foﬁ_
some reason the man-biting vectors are not found in ZimbabWeg
although non-vector species of Simulium have been found
breeding along the Zambezi. It is not impossible that the

vector and the parasite (Onchocerca volvulus) could somehow
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spread to Batoka Gorge in the future, but the reservoir

would flood out much of the potential breeding area.

The only case of Marburg's viral haemorrhaéic disease report-
ed in Zimbabwe is thought to have been contracted on the main
Victoria Falls-Wankie road, so with or without Lake Batoka

such viral diseases may occur in the area.

Impacts Associated with the Construction and Operation of

the Batoka Scheme \

The health problem associated with the construction of the
dam wall, power stations etc., would be similar to those
experienced at Kariba and those that would be anticipated

at Mupata Gorge. A full range of hospital facilities would
have to be provzaed on-site since there are inadequate facil-
ities in the area even for current requirements. The local
people would benefit greatly from.additional health facilit-
ies, as well as from the employment opportunities that would
~stem from the scheme, and from the supply of fish that would
become available. The fact that there is a long stretch of
swift flowing river between the dam site and the nearest
populated area on the riverbank (over 60 km, to the Matetsi
mouth) means that downstream contamination by human waste
from the labour force would not be as important a consider-

ation as at Mupata Gorge.

3.14 ARCHAEOLOGY AND ETHNOGRAPHY

»13.14.1” Human History in the victoria Falls Area
(Information derived from clark, 1952, 1975, and vogel, 1975)

In the vicinity of the victoria Falls, there exists a record
of man's presence right back to the earliest cultural trad-
ition of which we have evidence. Prior to the formation of
the Gorge, the Zambezi flowed towards the Matetsi valley _
through a wide, shallow trough in which it left various dep-
osits of gravel. These deposits contain humanoid stone

tools which may be in the order of two million years old, as
well as a variety of tools from succeeding cultural traditions.

The earliest people living along the banks of the upper-
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Zambezi of whom we have any other than purely archaeological
records are Bushman hunter-gatherers. With the southward
movement of the Bantu people (discussed in 2.14.1), the
Bushmen were joined by.ancestors of the Tonga-Ila (now split
into various groups throughout the Zambezi region) who
brought with them a knowledge of iron-working and changed

the hunter-gatherer subsistence base to an agricultural base.
Recent tribal history is somewhat~confusing,'with a series of
wars in the eighteenth and nineteenth centurieslresulting in
shifts of power between the va}ious settled groups, and with
invading Matabele under Mzilikazi further disrupting the
situation. This history is outlined by Mubitana (1975).

The physical presence of Eufopeans in this part of Central
Africa extends back for only a century and a quarter, but the
 indirect effects of foreign activities, such as Portuguese
trading downriver, had been felt for many hundreds of years
previously. in 1855 Livingstone named the Falls in honour
of his Queen, but it is not absolutely certain that he was
the first European to visit them. The "Cape-to-Cairo"
railway reached the Falls in 1904 and the bridge was com-
pleted in 1905. The town of Livingstone, that was then es-
tablished, owed its growth to the fact that it was a major
point of entry toc Northern Rhodesia and to its proximity to
the Falls. . It remained the capital of Northern Rhodesia -
until 1935, The Zimbabwean town of Vlctorla Falls has now

becomeé the dominant tourist centre.

3.14.2 The Loss cf Places of Religious, Historical or

Archaeologlcal Slqnlflcance due to the Batoka Scheme

The Stone Age tcols that are found just downstream of the
Falls lie in gravel deposits that are left on the flat
basalt spurs round which the river now zigzags. Since the
lake-level would be so low in the Gorge, it is most unlikely
that any archaeological sites would be inundated, nor is it
believed that any sites of religious or historical signifi-

cance would be lost.
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3.15 RECREATION AND TOURISM

3.15.1 The Attraction of Batcka Gorge

The deep, zigzag chasm contributes to the overall magnificence
of the victoria Falls. On the Zambian side, several access
roads haVe been built Eo vantage sites but on the Zimbabwean
side such access is not provided and uncleared minefields
make walking too dangerous. It is understood that tourists
are able to descend to the bottom of the Gorge at the Zambian
power station. During 1981, considerable publicity was
given to "white-water rafting” in the Gorge. This new sport
is promoted by Sobek, an internationsl or§ani2a£icn that

’ érranges adventure toufs, and is said to promise a "boom for
the Victoria Falls tourist industry" (The Herald, 2lst Decem-
ber, 1981). Clients cling to rubber rafts that are carried
along in the current from the Boiling Pot below the Falls to

the Songwe Gorge, or further down-river. Such trips are
only possible when the river is fairly low. 1In view of the
fact that this kind of sport appeals to only a limited
number of people, it seems most unlikely that it will over-
shadow the basic-attractions of the Falls and greatly expand
the tourist trade, but it is clear that the wild environment
within the Gorge is a prime locality for‘adventure;type

recreation.

3.15.2 The attraction of Lake Batoka

Lake Batoka would be a very scenic lake, deep and winding,
with seasonal waterfalls splashing down the sheer rock cliffs,.
the world's largest waterfall near one end and a massive
concrete arch wall at the other. Its proximity to the well~
developed tourist centre of Vvictoria Falls would enablie its
potential for-water-based recreation to be fully exploited.
The narrowness cf the Gorge would necessitate high standards
of safety on the part of power-boat operators. Both line-
and spear-fishing would be good. A drawback would be the
difficulty of gaining access from the lip of the Gorge due to
the steepness of the walls, and clearance of anti-personnel
mines would be a priority on the zimbabwean side. Operators
of non-hunting safaris feel that Lake Batoka might induce

foreign tourists to remain in the Victoria Falls for a few
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more days than they would at preseht, leading to a consider-
able increase in the revenue that could be derived from

tourism in Zimbabwe.

If Lake Batoka were to be created, the tourist authorities
would have to make a well-considered decision on the type of
development that would be permitted. The lake could be a
tranquil wilderness for nature-lovers (including wealthy
tourists wishing to "get away from it all"), or it could be
a plaYgroﬁnd of speedboats, casinos, paddle-steamers and
other features to promcte mass tourism. There may be a lot
of merit in the development of a ssacrifice area" that would
satisfy the recreational requirements‘of many people and
‘would relieve the tourist pressure on other areas. A major
advantage that is seen in Lake Batoka is that it would draw
tourists away from the rainforest at the Falls, which can
only absorb a limited number of'péople at one time without
suffering ecological degredatién‘

The creatibn of the lake would not entail the complete loss
of potential for white-water rafting. It is believed that
the headwaters of the lake would extend only to the fifth
gorge below the Falls (Merz_ahd McLellan, 1981) so there
would still be several kilometres of suitable white-water
upstream of the lake; downstream, rapids would still exist
for over 50 km. .The loss of some potential for white-water
rafting is seen as the bnly real socio-economic objection to

the creation of Lake Batoka.

3.16 MAN-MADE STRUCTURES AND COMMUNICATIONS

3.16.1 Man-made Structures and Communications in the Batoka

Gorge Area

The area is very undeveloped; there is an all-weather gravel
road connecting Deka with the tarred Wankie-victoria Falls
road, and a recently constructed gravel road branches off
from this to the dam site. There are no buildings or struc-
tures of any kind within the Gorge apart from the Zambian

power station at victoria Falls.
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3.16.2 Impacts of the Batoka Scheme on Man-made Structures

and Communicaticns

The creation of Lake Ratoka would nct have any adverse effects
on human structures since a retention level has been chosen
that would not interferé with the operation of the Victoria
Falls power station. The dam would provide an additional
road crossing to Zambia, which would be of little significance
in view of the existing route via victoria Falls. Water

transport'would be advantageous only to tourists and fishermen.

-
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4 GENERAL CONSIDERATICNS
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4.1 REGIONAL DEVELOPMENT

Since the Vvalley consists of Naticnal Parks Estate, and has
relatively little potential for either mining or agriculture,
it is unlikely that the Mupata scheme would stimulate the
development of these industries through the provision of power,
water and communications. Commercial fishing might entail
the establishment of a couple of harbours with processing
facilities, but these would not be likely to form growth-~points,
During the most labou:—intensive'stagé of construction of the
wall and south bank complex at Kariba about 8 000 skilled and
semi-skilled workers were kept in emplbyment. With increased
labour costs, the work force at Mupata Gorge would be smaller.
The creation of such jobs at the dam site would obviously be a
transient benefit since the completed power scheme would re-

quire only a relatively small staff,

In the adjacent Dande communal area, a development plan present-
ly being produced (Hawkins Associates) shows that mining potent-
ial, though not assessed in detail{ is vunlikely to be signif-
icant, and agricultural development is constrained by tsetse
fly, lack of water, and unsuitable soil types apart from some
colluvial and alluvial deposits at the base of the Escarpment
and along the major rivers. The Mupata scheme would have a
beneficial effect on this area through its provision of power
(required especially for irrigation at Mashumbi Pools and
Mzarabani) and, to a lesser extent, through the upgrading of

an access road. The Dande development study emphacsizes the
long-term prospects for tourism at the more scenic localities,
which are of little use for other economic activities anyway.

It seems, in facé, that the optimum development strategy for
the Valley and much of the Dande area might centre on the
sustained utilization of wildlife resources through tourism

and safari hunting. Economic justification for this kelief

is given by the known returns to the Zimbabwean Treasury and
district councils from wildlife utilization in 198l1; the Sapi
Safari Area, -for instance, returned a total of 2g118 598,00
thrdﬁgh various fees assocciated with hunting, in addition to
what the brofessional hunters earned. With the paucity of
regional resources other than wildlife, the reduction in tourism/
hunting potential due to the Mupata scheme acquires added
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" significance.

In contrast to the Mupata scheme, a lake in BatokKa CGorge wouild
stimulate Zzimbabwe's tourist industryg The -impoverished
population living to the south of the Gorge would enjoy greater
employment opportunities with the expanded tourist trade, and
there would be a slight hope for increased agricultural product-
ivity due to the provision of water and possibly organic matter
from the lake. Since the dam wall would be so much larger
than that proposed for the Mupata scheme, its construction

would provide more employment.

Some consideration has been given to the possibility of
diverting water from Lske Batoka to supply Wankie mines and
power stations. Phere is a drop of 40 m or more between the
normal retention level of the lake and the level of land around.
Wankie Colliery. At present, Wankie is supplied by water pump-
ed along a 44 km pipeline from Deka, on the Zambezi. To the
south of the Batoka dam site is a linear valley (along a joint)
at the head of which a saddle dam would be built to prevent

the reservoir from overflowing. It would be technically
feasible to run a large pipeline from this saddle dam north-
eastwards down the valley, eastwards along the Gorge and then
southwards across the'MatetSi‘valley'to Wankie. An alternat-
ive would be to pump water -out of the lake to a reéervoir on
the high ground to the south and then to pipe it under gravity
to Wankie, Either way,.it appears that the distances involved
and the difficulty of laying pipelines in the rugged terrain
would probably make a Lake Batoka-Wankie pipeline uneconomic,

It isveﬁident that two major factors required for the socio-
economic development of an area are potential for primary

" industry and proximity to the national infrastructure. Both
the proposed hydro-electric schemes would be_sited in afeas
which suffer somewhat from the lack of these factors. The
Mupata scheme would have some advantage in its commercial fish-
ery and the Batoka scheme would have some advantage in its
scenic attributes and location so close to a major tourist
centre, but overall it is unlikely that either scheme would
stimulate much regional development; Zimbabwe's cities would

“derive the real benefit, in the form of electricity.
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4.2 ZAMBIAN INTERESTS

In July, 1981, the compiler of this report and Mr. M.J.
Stanning (economist) visited Lusaka, Zambia, to ascertain the
Zambian viewpoint regarding the propeSGd hydro-electric schemes.
Discuésions were held with senior Government officials in the
Ministry of Lands and Natural Resources and the Ministry of
Tourism, with the General Manager of the Zambian Electricity
Sﬁpply Corporation, with University authorities, with executive
members of the Wildlife conservation Society and with private
safari operators (both hunters and non-hunters). The general
impression that was gained was that Zamblans are very concerned
about the possible consequences of the Mupaea scheme, although
they had few details of this scheme, and knew virtually nothing
about the Batoka scheme.

A very large area on the Zambian side of the Zambezl River,
opposite the Mana Pools, Sapi and Chewore areas, had been desig-
nated as the International Game Park in 1973 but was not devel-
oped due to the Rhodesian War. This park was to be used by
Anerican operators (Wildlife Conservation International) for
safari tourism. The area is to be re-gazetted as. the Lower
zambezi National Park, and as soon as landmines have been
cleared at least three tourist organizations wish to operate

in the area; however, development plans have been delayed pend-
ing a decision on the Mupata scheme. The status of wild
animal populatlons in this area is good, despite poaching (the
Zimbabwean Department of National Parks and Wildlife Management
extends its.aerial census surveys to'cqver paft of the Zambian
side of the valley). Private tour operators emphasized the
great'advantage that the park had in its proximity to Lusaka,
and felt that it compared very favourably with the Luangwa

. Valley as an attraction for international tcurists. The Gen-
eral Manager of Zambia Tours and Lodges, a parastatal organiz-
ation, said that tourism had been given third priority for
development in Zambia, after mining and agriculture, and that
the Lower Zambezi Nationel Park would receive first consider-
ation for new tourist facilities if the future of its riverine
section could be guaranteed for a reasonable period. Tourist
facilities were already being developed at the Kafue-ZambezZi

confluence; it was apparently not realized that these might be
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flooded. Zambia has a diversity of water bodies for recre-
ation and Lake Mupata would therefore not be much of a tourist

§ ..k L o
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attraction. L ot
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apart from the loss of tourism potential, another objection
'to the Mupata scheme was the likelihood that it would inundate
sites of historical and archaeological interest, which are
being investigated by the Zambian Museum and Ministry of
Culture. Also, there would befthe problem of resettling

the Zambian peasants living along the'river between Kariba
Gorge and the game park. Apparently some people around the
Kafue confluence and fureher upstream on the Zambezi had been
moved in from the area that was flooded by Lake Kariba, and
still felt strong resentment at their forced translocation
(which involved some bloodshed); another move could provoke
political unrest, in addition to the great expense, logistic

problems and social upheaval.

Due to their lack of knowledge of the Batoka scheme, the
Zambians were unable to make any-asséésment of its likely
effects on Zambian interests; the only reservetjon that w
voiced related to the posolble loss of poten+1al for Whlte”

water rafting.

The General Manager of the Zambian Electricity Supply éorpor-
ation said that electrieity demand%in’Zambia would rise due
to factors such as railway electrificétion, the development of
irrigation schemes, expanding fertiliser production and re-
frigeration of deep shafts of copper'mihes (over 60 per cent

of electricity is used on the Copperbelt) ., However, Zambia
has sufficient installed geherating-eapacity to meet its elec-
tricity requirements for up te ten years, or more, and when
new plant was required, in addition to the likely extension on
Kariba's north bank, the Yafue Lower scheme would be the best
option (200 m head below tne present Kafue Gorge station could
be utilized -to give an installed capacity of 450 MW). Thus
it may not be in Zambia's—interests to participate in either

of the proposed Zambezi schemes for many years to come.

An official Zambian comnittee to consider the environmental
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implications of the Zémbezi schemes is likely to be establish-
ed under the joint auspices of the Ministry of Lands and
Natural Resources and the Ministryv of Power, Transport and
Telecommunications. Once this has been established, some
research might be undertaken on the Zambiaﬁ side, although
this would probably depend on outside funding. The Kafue
Basin Research Committee, consisting essentially of University
staff, is prepared to expand its field of interest to cover
the zZzambezi schemes, but its own financial ‘and manpower
resources would not be adequate for an Environmental Impact

Assessment.

4.3 CONSERVATION

4.3.1 Development and Conservation

(Information on genetic conservation derived from the
contribution of Attwell, 198l)
Leopold (1953) states that the first rule of intelligent
tampering is to save all the pieces. In debating new devel-
opment proposals. conservaticnists and developers should seek
the kind of creative compromise that respects the need to
conserve all components of the ecosystem as well as the néed
to utilize natural resources. - Man is dependent  on the
interlinked components of the natural world in ways that he
is still discovering; ecosystem alterations may entail un-
welcome and irreversible effects if the abiotic base is
changed drastically and/or if too many biotic components are
lost (Stauth, 1980). . It is often impossible to say before-
hand whether or not "too much" will be lost as a result of a
particular course of action since the natural world operates
in a synergistic fashion and its balances tip suddenly and

unexpectedly.

Part of the rationale for environmental conservation relates
to practical considerations of genetics. The wOrld Cconser-
vation Strategy (Internatiohal Union for Conservation of
Nature and Natural Resources, 1980) promotes, as one of its
three main aims, the preservation ¢f genetic diversity "on
which depend the breeding programmes necessary for the
protection and improvement of cultivated plants, domesticated
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animals and microorganisms, as well as much scientific and
medical advance, technical innovation, and the security of

many industries that yse living resources " (P. VI)

The preservation of genetic diversity is Currently viewed as

a matter of insurance énd investment : the continued ex1Stence
of wild varieties of plants of economic value is humanity's
insurance against the destructicn of the domesticated forms,
and might enable the develcopment of additional useful variet-
ies in the future. The genetic diversity that is reflected
in méderﬁ agficulture is very limited. . For instance, only
four varieties of wheat produce 75 per cent of the crcp grown
on the Canadian prairies, an extremely vulnerable position in
terms of plant pests and diseases. In the medical field,

the aVallablllty of a dlver51ty of natural products is of
paramount 1mportance. Many plants contain chemicals of
medicinal value, and the complexity of these compounds often
means that they would be difficult (and costly) to synthesize..
(Everett, 1979). More than 40 per cent of prescriptions
issued each year in the United States of America contain a
drug of natural origin (Farnsworth and Morris, 1976). This
is despite the fact that only a very small percentége of plant
species has been investigated for medicinal components. Nct
only aré wild plant gene pools essential for man, but equiva-
lent justification can also be advanced for the preservaticn
of animal "reservoirs". For example, the introduction of

- dung-beetles into Australia aided in broblems arising from the
prolific droppings of that country‘®s 20 million cattle (Lee,
1979).

The importance of genetic resources increases concern over
the fact that this century will see the end of significant
evolution of large plants and terrestrial vertebrates in the
tropics (Soule, 1980). Tropical reserves are too small for
allopatric speciation of these organisms to occur within them,
and it is unrealistic to hope that betweenwréserve isolation
could substitute for within-reserve isolation, as island bio-
geographic evidence suggests an extinction rate high enough
to ensure that speciation will be suppressed (Soule, Wilcox
and Holtby, 1979).
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The loss of genetic resources will be minimized if govern-
ments perceive consérvétion as the préservatioﬁ or creation
of diversity in ecosystems (Dasmann, "1968). Develcping
countries should keep options open for the future by preserv-
ing their remaining near-natural biotic communities for as
long as possible, however "worthless" these communities may
seem. Proposed projects must be evaluated not only in terms
of economic criteria but-also in terms of ccnservation cri-
teria relating to ecosystem structure and diversity to ensure

that the ﬁleast—costly“alternative is in fact chosen.

4,3,2 conservation of Zambezi Ecosystems

The zambezi is the fourth largest of the river systemsAin
Africa, after the Nilé, Zaire and Niger. It is the least
developed of the four systems in terms of human settlement
and, apart from the Niger, is the only one with areas of -
protected status along its banks (Barkham, 1981). The in-
adequate conservation of major river systems in Africa gives

considerable importance to these protected areas.

The middle-Zambezi, extending from Victoria Falls to'Cabora_
Bassa Gorge, consists essentially of man-made lakes (along
two-thirds of the distance), gorges (Batoka, Devils, Karika
and Mupata) and the "sandbank" river secticn in the Vvalley.
The Acacia alluvial woodland fringing this latter section

is a very valuable community in terms of national ecosystem/
species conservation in Zimbabwe. Cummning (1981) has
derived the following figures relating fo Acacia alluvial
woodland in Zimbabwe:

~Total area = 2 080 km2 ;
Protected area = 380 km? :
- Protected area north of water- = 270 km® ;
shed 5
Middle-zambezi (Mana Poocls) = 120 km“ .
area

The Acacia alluvial wcodlands north of the watershed differ
considerably inh species composition from those in the south,
and representative areas of both should be consérved (Muller
and Pope, 1982); many species occur in these types which are
not found, or are uncommon, in other vegetation types. The

middle-Zambezi Acacia woodlands are the prime example of the
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northern type since,ﬁhey are extensive and they are rich in
the alluvial plant spécies (with various vegatation sub-
types due to the variability of the alluvia on which they
have developed). 2l=so, these woodlands are the least dis-
turbed by anthropogenic influences (Cumming, 1981).

- The following wocdy plant species occur only in the Valiey,
mainly below the proposed floodline, and would be pushed
towards extinction in Zimbabwe if Mupata Dam were to be

built: Strophanthus courmantii, Cassine schlechterana,

Ficus zambesiaca, and Cassipourea gassweileri (Muller and

Pope, 1982). With regard to genetic conservation, it is

worth considering that Cassine schlechterana is a rare

member of the family Celastraceae, some of whose other mem-
bers have been shown»to contain- alkaloids with pharmaco-
logical properties, and the medical importance of this

particular species has yet to be assessed {(Muller, in

Attwell,_l981). Strophanthus courmantii (Apocynaceae) also
has a relative of importance to medicine, S. kombe (in demand
for the treatment of cardiac disease). Nct only would

S. courmontii be eliminated in Zimbabwe were the Mupata Dam

to be constructed, but resultant increased animal pressure
on the jesse thickets might decrease the abundance of
S. kombe (attwell, 198l1). | |

Acacia albida, the dominant tree of the alluvial woodlands,

has been of some significance in traditional African agri-
culture. This tree is an early colonizer of loose sands
and greatly improveé the fertility of these sands through
the addition of nitrogen and organic matter. It has long
been realized that crops grown under A. albida trees will be
more successful than those grown elsewhere; the Sultans of
Zinder (Niger) promulgated an edict that anyone who chopped
a branch off the tree had his arm chopped off, and anyone
who felled the tree was beheaded. Consideration has been
given to the introduction of A. albida to Northern Australia
for agricultural purposes (undated report, School cf
Environmental and Life Sciences, Murdoch University).

A. albida is widespread throughout Africa, but its value to
man emphasizes the fact that the vegetation that would be

inundated by Lake Mupata is not ®worthless bush". The
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riparian vegetation that would remain.along the Rukomeche
River has less well-developed sub-types than the Mana Pools
alluvial woodlands, -and is much degraded in places due to
past cultivation. With the loss of the Mazna Pools A. albida
woodlands, the Rukomeche wocdlands would come under severe

browsing pressure,

With regard to animals, the Valley contains some birds and
mammals that are rare in other places. An example is the
Black Rhinoceros. Although the lake would not inundate
important habitat for this particular species, the scheme as
a whole (with its associated human pressure) would cause a

further reduction in the viébility of the wild populations.

The creation of Lake Mupata would diminish environmental
diversity; it would mean another Lake Kariba, another Lake
Cabora Bassa. A reservoir in Batoka Gorge would be very
different. The vegetation that would be lost here is of
far lesser significance in terms of species diversity than
are the égﬁgiﬁlalluvial woodlands of the valley, As far
‘as can be ascertained after a very brief survey, no plants

- or animals would be threatened with local extinction, and
the basalt gorge habitat would remain downstream of the dam
with virtually the same flooding regime as before (until the
construction of the Devils Gorge dam?). Thus there is

- little that can be said against this lake from the conser-
vation point of view, and in fact the unique lake might be
an example of the enhancement of the ecosystem diversity

of a nation.

Considerations of ecosystem/species conservation often

appear rather nebulous, but one straightforWard consideration
is that of the ratio between area lost through a hydro-
electric scheme and power gained. Goodland (1979) gives a
table of such ratios, ranging from the Paulo anfonsc project
in Brazil (1 299 MW, 7 520 ha inundated) with a ratio cf

173 kW : 1 ha, to the Brokopondo project in Suriname (3C MW,
150 000 ha inundated) with a ratio cf 0,2 kW : 1 ha. The
Mupata scheme (1 200 MW, 123 00C ha jinundated) would have a
ratio of 10 kW : 1 ha, whereas the Batoka scheme'(l'600 MW,

2 000 ha inundated) would have a ratio of 800 kW : 1 ha.
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4.3.3 1International Zoncern

concern has been expressed by various international conser-
vation bodies over the threat posed by the Mupata scheme

to the wildlife of the valley. 'The_Director-General of
the International Union for Conservation of Nature and
Natural Resources visited Mana Pools in 1981, and later
wrote a letter to the Prime Minister of Zimbabwe, voicing
the hope that the project would be evaluated thoroughly.
The British Nature ConserVancy'Council and the New York
zoological Society are ‘also known to have taken an interest
in the issue. It eppears that Zimbabwe would gain much
international prestige if it was seen to give detailed
consideration to the environmental implications of develop-

ment on the Zambezi.
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5 CONCLUSION
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This report cannot be regarded as é Final Environmental
Impact Statement for the following'reasons. .

i) Information has been gathered over a very éhort period
of time (less than one year), with limited manpower and
financial resources. Ecological studies require study-
periods that are sufficiently long to cover seasonal and
‘annual variations in the biota. '

ii) The areas of study have been very restricted; no work
has been done on the Zambian side of the Gorge or Valley,
and downstream effects in Mocambigque have not been adequate-
ly assessed. ' - . |
iii) Research has been carried out on individual components
but it has not been possible, in the time available, to
establish the links between the various components through
methods of systems analysis. Such analysis is essential
since, in an ecological context, the pattern of relations
between organisms and their environment should be elucidated
and in a broader environmental context it is necessary to
discover how human systems interlink with natural systems.
iv) A tentative cost-benefit analysis has been carried
out (Stanning, in preparation), but this evaluation exercise
had to be based on a very weak foundatioh of information,
and there are obviously many envircnmental components that
cannot be given realistic monetary values, Also, there is
a hidden element of subjectivity in cost-benefit methddology;
for example, the choicg of an a?propriate discount rate may
be somewhat contentious. It was hoped that the alternative
evaluation technique that was developed (du Toit and |
Stanning, 1981) could capture a cross-section of opinions
~on the more subjective aspects of the issue of development
on the Zambezi, but, again, the lack cf time precluded this
exercise. )

v)  Development projects that are proposed to meet a
‘recognized need must be appraised in terms of their alter-
natives. No work has been done on the broad environmental
aspects of thermal power stations in Zimbabwe, so it is
impossible to compare the hydro-electric options with these

other options.

While it is felt that future work must be carried out in



181

order to remedy the sbove deficiencies before a final
decision is msde on either of the schemes, one broad

conclusion can be stated at this stage:

' THE CONSTRUCTION OF THE MUPATA GORGE HYDRO-ELECTRIC SCHEME
WOULD GIVE RISE TO A COMPLEX SET OF ENVIRONMENTAL IMPACTS,
MANY OF WHICH WOULD BE ADVERSE; THE CONSTRUCTION OF THE
BATOKA GORGE HYDRO-ELECTRIC SCHEME WOULD LEAD TO A SET CF
IMPACTS OF FAR LESSER SIGNIFICANCE TO EITHER NATURAL OR
HUMAN SYSTEMS. ‘ | |
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APPENDIX

Artiéles from Zimbabwe Science Wews, Vol. 15, WNo. 5, pp. 112~

119, 131.

These. are.included as elaboration of the proposed methodology of
the investigation, although, as explained in 1.5 and 5, the

investigation has not yet progressed beyond the information-

gathering stage,

ENVIRONMENTAL IMPACT ASSESSMENT IN ZIMBABWE

R. F. du Toit

Department of Land Management, University of Zimbabwe

HE GROWING controversy over the question of whether or not a new dam should be buiit on the Zambezi River

at Mupata Gorge has focused attention on the procedures of Environmental Impact Assessment {EIA).
Whiist there is general recognition of the need for an EIA to be carried out before the final decision is taken. there
appears to be some confusion over the actual meaning of this term; also, the status which an EIA would have in

the decision-making process has yet to be clarified.

WHAT IS EIA?

The procedures of EIA that are now a mandatory part of
development planning in many countries have their originin
the American National Environmental Policy Act (NEPA).
This legislation was enacted in 1570 in response to rising
public concern for the environment, and requires that alt
agencies of the Federal Government shall:

**a) utilize a systematic, interdisciplinary approach
which will insure the integrated use of the natural and
social sciences and the environmental design arts in
planning and in decision making which may have an

~impact on man'’s environment;

b} identify and develop methods and procedures . . .-

which will insure that presently unquantfied
amenities and values may be given appropriate con-
sideration in decision making aiong with economic
and technical considerations;
{c) include in every recommendation of report on pro-
posals for legisiation and other major Federal actions
significantly affecting the quality of the human en-
vironment, a detailed statement by the responsible
official on—
i) the environmental impact of the proposed
action;
it} any adverse environmenta!l effects which can-
not be avoided should the proposal be implemen-
ted;
iii) alternatives to the proposed action;
iv) the relationship between locatl short-term uses
of man's environment and the maintenance and
enhancement of long-term productivity, and
v) any irreversible and irretrievable commitments
of resources whizh would be involved in the pro-
posed action shiould it be implemented”
{Section 102)

Environmenta! Impact Assessment refers to the ad-
ministrative arrangements that are made to promote caretul
consideration of the environmental implications of major
projects or programmes befcre their construction or im-
plementation, as required by NEPA and other simifar
legislation. These arrangements must provide for the
systematic collection of relevant data for various aspects of
the environment (ecological, social, eccnomic and
aesthetic aspects), prediction ot likely impacts on these
aspects, interpretation of the significance of these impacts,
communication of the findings to the authorities, and pro-
per integration of the environmental considerations in the
planning process at a sufficiently early stage.

METHODS

The identification and interpretation of some likely im-
pacts may be done through rigorous technical analyses
whereas the assessment of other impacts may involve sub-
jective value-judgements. Various methods have been
developed 1o provide the framework within which informa-

‘tion on these: diverse impacts can be drawn togethersn a -

meaningfu! fashion. Most of these methods fali into tne
following categories.

Ad Hoc

Bread areas of enwironmental concern are suggested,
and educated guesses are made of the likely impacts of a
project. The commonest approach here is to hold a round-
table workshop of limited duration so that selected experts
can pool their ideas. The organisation of these workshops
and the format of their written reports vary greaily from one
workshop to another,

Checklists

Specific lists of environmental components are
presented for investigation of possible impacts. Guidelines
may or may not be given on the measurement and inter-
pretation of impacts, and direct cause-effect links between
project activities and environmental components are nol
necessarily revealed. In its simplest form the function of the
checkiist is basically to prevent the assessors from forget-
ting 3bout particular potential impacts, but it may als2
discourage them from thinking abrut peculiarities beyond
the scope of the checklist. The World Bank has devised a
checklist for the impact assessments of their projects;
however, no indications are given of how o obtain and
crganise information on the components included on the
list.

Matrices

The various activities that are likely to be associated with
a particular project are listed along one side of a matrix and
environmental components are listed along the perpen-
dicular side. The effect of any activity on any component
can thus be indicated in the relevant matrix ceil. The rnatrix
suffers from the same disadvantage as the checklist in that
it may cause important interactions to be omitted if the iist
ot environmental components is determined a prior. Also.
there are problems in representing the dynamic nature of
interactions {i.e. tempora! variations, spatial variations and
indirect cause-effect retationships).
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Overlays

A set of maps of environmental characteristics {physical,
social, ecoiogical, 2esthetic) are overlaid to produce a corn-
posite characterisation of the regional environment. The
optimum location for a particular project can then be
established. If the location has already been fixed and/or if
the real problem has to do with the type of feature to be
constructed, then the applicability of cverlay methods is
reduced, although they may still be useful in identifying im-
pacted components in a spatial context. Compyters are us-
ed in the more sophisticated overlay methods.

Modalling

The level of soghistication of modelling methods varies '

considerably; they may comprise simple network ap-
proaches where a diagram is used 1o trace the series of im-
pacts that might result from each project activity, or they
may comprise computer-based simulation models. Various
qualitative models have been developed as well as the pure-
ly quantitative ones. Although modelling methods have
great potential, they require considerable expertise and, be-
ing subject to the rule of “garbage in, garbage out”’, de-
pend heavily on the prior collection of adequate data.

Economic methods

In all the above methods, the ““Environment’” is given a
broad definition and economic aspects are seen as compris-
ing an environmental sub-set. However, economists have
developed ways to give monetary values to many en-
vironmental components which do net carry market prices,
and methods of input-output analysis and cost-benefit
analysis are sometimes used in EIA to cover a wide range of
likely impacts (Blackie, 1381). These methods assume that
the price that can be given to a good is a measure of its
relative social value; ihis is a contentious issue, and the
methods are not as objective as they might seem since
assumptions have to be made on appropriate discount rates
and on “willingness to pay” determinations, but there is no
-doubt that decision-makers tcnd o think in rmoney terms.

There is no ““best” method to be used in EJA; rather, an
approach should be tailored to suit the unique cir-
cumstances of each particular project. Obviously, the
above methods are not mutually exclusive and, in fact, are
ccmmonly fitted together, often in conjunction with

methods that are borrowed from other disciplines (such as -

the Delphi method of business forecasting).
CRITERIA

Experience in America and elsewhere has shown that the
choice of an actual method of EiA, and the judgement of
the documentary ouiput {Envirocnmental Impact
Staterment), should be made on the basis of the following
criteria (Fuggle, 1880; Jain, 1975).

1. Collection of data for variables relevant to im-
pact prediction o

al  Information should be given on the techniques of
data production, and any limitations that might be
present in the data should be explained.

k) All sources of data should be identified {names and
qualifications of investigators shouid be given).

¢} Techniques of data production should be systematic
and capable of repetition.

d}  Data should be selected to provide the basis for ob-
jective rather than subjective measurement of en-
vironmental impacts.

al

b)

c)

d)

e)

f)

gl
h)

i

Y

d}

e!

fi

Analysis and interpretation of impacts

The method must encourage a review of the full
range of environmental impacts associated with a
given project {and relevant alterratives), including
secondary or induced impacts. Lateral thinking must
be encouraged and tunnel vision prevented.

The method must separate project impacLs-—primary
or induced - from environmental changes due to
other factors.

Impacts should be related to specific envircnmentsl
components and to specific project activities. One
of the advantages of this is that it helps in planning
remedial measures.

Besides assessment of the magnitude of 3 jikely im-
pact, the significance of that impact {in terms of the
overall project and environment) should be assess-

The criteria and assumptions used to determine im-
pact significance should be stated. ‘
Location, timing and duraticn of impacts must be
established. Timing relates to the phase of the pro-
ject during.which the impact will occur {construc-
tion, operation etc.) and duration refers to the time
period over which the impact will occur.

_An indication of the degree of confidence or uncer-

tainty in impact predictions should be given,

Areas of high risk should be identified fi.e. impacts
of low probability but high damage or loss potential
should be pinpointed).

A specitic method of comparing alternatives should
be niovided.

The methodology may provide a mechanism for ag-
gregating impacts into a net total or composite
estimate. If aggregation is included, specific
weighting criteria or processes to be used should be
identified (the appropriate degree of aggregation is a
hotly-debated issue). :

A method should aliow for the involvernent of in-
terested parties and the public in 3 responsitﬁe man-
ner {particularly as regards the interpretation of im-
pact significance).

Overall, the method should be free of anslyst bias
s0 that broadly the same assessment of a project
will be made by different analysts using the same
method.

Communication of the findings of the study
Key issues and impacts should be highlighted.

Affected parties should be identified.
The project setting shiould be described to aid

. decision-makers in developing an adequate overalt

perspective.

The reasons for the development should be outlin-
ed. This should not be a superficial statement tut
should indicate underlying social, economic and
land-use goals.

An indication should be given of tha extent to
which remediat measures 10 minimise negative im-
Pacls are possible and .are plannad.

The main arguments and findings of the study
should be summarised intelligibly for the generat
public and its elected representatives, and the report
should aiso provide the additicnal technicai content
niecessary for other competent specialists o for-
mulate informed views on the subject.
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ZIMBABWEAN SITUATION

This country has a proud record of conservation
awareness and we shouid expect rapid realisation of the
fact that EIA procedures are not “‘anti-development’’, are
not merely means of placating emotional, irrational and
vociferous animal-lovers but are rather orientated towards
ensuring that decision-mekers will make a holistic evalua-
tion of a project, rather than looking at a particular resource
{such as hydro-electric power) in isolation.

Previously, our legisiation empowsred the Natural
Resources Board to deiay or prevent the construction of a
dam or conservation work costing in excess of one hundred
thousand dollars it this work was expected to cause major
damage to the environment. This legislation has recently
been amended since it was seen as being potentially
obstructive to development and now all that is required is
that the Board should make reports on such projects to the
Minister of Natural Resources and Water Development.
The Natural Resources Board has recently established a
Committee to Advise on the Environmental tmpace of Major
Development Projects (CAMP) and an investigation into
the issue of development projects along the Zambezi has
been initiated under the auspices of this commitiee; this in-
vestigation wili be in line with recognised EIA procedures
and will use a combination of the methods outlined
previously. In fact, it is hoped that the Zambezi investiga-
tion will serve to introduce EIA to this country so that
reports that the Natural Resources Board makes on major
projects of the future will be in the form of Environmental
Impact Statements. In order to give EIA the status in
development control that it enjoys in other countries, a
mechanism should be iniroduced to ensure that the en-
vironmental considerations that are covered in these
reports are necessarily integrated into our decision-making
processes and are not just given superficial treatment. Any
fear that this might obstruct development should be weigh-
ed against the fear of near-sighted plan-
ning; theie is abundant evidence that gocd environmental
planning makes good economic sense.
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INVESTIGATION OF LIKELY ENVIRONMENTAL IMPACTS OF PGSSIBLE PROJECTS ON
' THE ZAMBEZI RIVER

R. F. du Toit and J. Stanning

Departmant of Land Management, University of Zim&batwe

THE NATURAL Resources Board has initiated an investigation into the probable environmental consequences

of building new hydro-efectric schemes on the Zambezi River. This investigation will also cover the likely ef-
tfects of other development aptions for the section of the Zambazi Valley betwesn Kariba and the Mocamtique
border; this area has potential for the development of hunting and tourism, agricuiture and possibly mining. Tha
Department of Land Management at the University of Zimbabwe has been tasked with the co-ordination of the in-
vestigation, which will be in the form of an Environmantal Impact Assessment incorporsting @ Social Cost-
Benefit Analysis. The proposed methodology is outlined in this article.

STEERING COMMITTEE

The Natural Resources Board's Committee to Advise on
the Envirenmental Impact of Major Projects (CAMP) will be
responsible for overall guidance ¢f the investigation. This
committeg includes representatives of various organisa-
tions that are involved in the issue.

GEOGRAPHICAL'B.OUNDARIES

Many of the likely environmental impacts of the projects
will have to be viewed in a spatial context, and it is
therefora necessary to delimit the geographical areas within
which these impacts are 10 be investigated. Since the
Zambezi constitutes a system extending from source to
mouth, it is suggested that both upstresm and downstream

effects should be considered. Due to limitations of time and

information availability, it is probably not feasible to in-

. vestigate likely effects on the Zambian side in much detait in

this particular investigation. Between Karba and the
Mocambique border, a sensible southern boundary would
be the game fence running above the Zambezi escarpment
since this is 3 precise dividing lina between the populated
southern areas and the wiidlife areas t0 the north. A clear
southern boundary is not so readily apparent for the area
south of the stretch of the Zambezi between Victaria Fails
and the western end of Lake Kariba (inciuding the Batoka
Gorge and Cevil's Gorge dam sites); possibly the main
Bulawayo-Victoria Fails road would be as good a'toundary
to use as any. :

PROJECT DETAILS

In order to carry out a systematic investigation of the pro-
babie environmental effects that would ariss from the
devclopment options, it is first necessary o obtain a
breakdown of all the various activities that are likely to be
associated with each project {the Central Alrican Power



Corporation will provide details of proposed dams, and ths
Department of Nationai Parks and Wildlife Management
and the Department of Tourism will provide details of the
wildlife development option). The availzbiiity of information
will probably be restricted to some exient by requirements
for confidentiality and by a lack of detailed planning for
some of the options. However, it is important that as much
information as possible on the nature of each activity
associated with each option (including locaticn, timing,
duratipn, financial cost, and labour} should be given in
order that specialists on various aspects of the environment
{ecologists, sociologists, economists) can predict tha con-
sequences of each activity within their fields of expaertise
with the greatest possible accuracy. Any remedial
measures that are proposed to reduce the zdverse impact
of a project activity should also be outlined. Details must be
obtained of activities which are likely to occur sometime in
the operational stages of projects, in addition to those ac-
tivities which will take place only in the initial development
stages.

Activities would be summarised under heading§ such as:

Roads and bridges,
Transmission lines,
Blasting and drilling,
Construction camps,
Inundation,
River-flow control,

" Resettlement,
Hunting camps,
Walking trails,
Irrigation canals.

Information will also be sought on further actions or
policies that are not necesarily part of the proposad projects
but which might affect the environment in conjunction
with, or apart from, the actual projects’ effects e.g. the
alignment of a new rail link between Lusaka and Salisbury
could be postulated assuming a dam wall to be built at a
particular site. : ‘

ENVIRONMENTAL COMPONENTS

The ‘Environment’ can be broken down into miultitudes
of different aspecis, falling into broad categories such as
. ecological components; social and political components,
cultural and aesthetic components, economic components
and geophysical components. Qbviously, different people
have different ideas on the relative importance of thess
components with regard to the Zambezi issue (this is the
crux of the problem of deciding what the ‘best’ option will
be). At this stage of the investigation, all that is required is
that a list of a/f the relevant environmental components
should be generated. ‘

Itis beyond the ability of one person to think of all these
components so the ideas of a wide variety of informed peo-
ple should be incorporated. In order to make a start, the co-
ordinators of the investigation will compile a preliminary list
largely on the basis of a literature review {with each compo-
nent clearly defined}. Copies of the project details together
with the preliminary list of environmentai components will
be sent to people who are interested in the issue and v.ho
are representative of a fuli range of opinion. These people
will be asked to add to this list any further environmental
components which they consider to be relevant (even only
vaguely relevant) to the development options as outlined,
The additional camporients must be defined. It is not im-
portant that all the components should be amenable 1o
quantitative measurement. The lists that are returned to the
co-ordinators will be combined to create an expanded list;

" this will be sent back to the respondents for them to add
any more components that might have occurred to them,
or for them to delete any components which they consider
to be totally absurd. Through this feedback process (which
is along the lines of the Delphi technique of business
forecasting) a final list of environmental components can
_be compiled, and the components can then be grouped in-
to categones. Hopefully, all interested parties will be
satisfied that the assessment of the developiment options
will be sufficiently comprehensive if it takes all these com-
ponents into account, :

Examples of possible environmental components are:

Primary productivity,

Crustal stability,

rilderness quaiities,
Archaeological sites,

Sport fisheries,

Kariba weed,

Arable land,

Bilharzia,

Black rhinoceros poputation,
Employment opportunities.

IMPACT STUDIES

For each development option, a checklist of specific pro-
ject activities will be available and a checklist of en-
vironmental components will also be availabie. These two
checklists will be arrayed along perpendicular axes to form
& matrix sO that each activity can be related to each en-
vironmental component (Fig. 1). The empty cells of each
inatrix will be filled in by specialists who wiil predict the like-
ly interactions between project activities and environmental
components that fall within their respective fields of exper-
tise. These specialists will be local people, f2om various
agencies,” who are willing to contribute their expertise 10
this important investigation. They will identify effects that
are likely to occur in the short-term {during and immediately
after the construction nhase of the dams or within the first
few years of the wildlife development and agricultural
development options) and in the medium-term when the
projects are fully operationatl and the environment has had
some time 1o recover from the initial effects {nwenty-odd
years after project initiation). The interactions will be quan-
tified wherever possible e.g. in terms of hectares of arable
land lost, percentage decrease in black rhinoceros popula-
tion, number of jobs created for unskilled labourers. In
many cases. only a range of probable values can be
postulated tor the interactions, and in other cases the in-
teractions will have to be expressed as ratings or rough
judgements of ‘more’ or ‘iess’ etc. It is important that the
data appeanng in the estimates shoulg be clearly recognis-
ed as being ‘best estimates’ that are not lixely to be ab-
solutely accurate (the estimates for the mediwym-term: ef-
fects will be even less accurate than those for the short.

term effects).

The purpnses of matrices are:

fa} to focus attartion on interactions between specific
project activities and specific environmentat com-
ponents; :

{b) to give a visual display that enables a reviewser to
gain an impression of the range of impacts resulting
from each activity, and to see wshich envircnmental
components are especially vuinerable; and

{c} 1o organise data in a fashion that might be
amenable to future manipulations such as computer
processing.

As well as putting estimates in the ce!ls of the matrices,
each specialist will produce written outlines of tha impacts
which he or she has identified. These reports wiil consist of
brief descriptions covering the short- and medium-term
effects in conjunction with classifications of the impacts ac-
cording to the following matters.

1) The desirability of the impact {beneficial, adverse,
unceriain},

2} The significance, or importance, of the imoact in
terms of the overall project and environment (major,
maoderate, minor, uncertzin}. This will be 5 matter cf
subjective judgement on the part of the expert.

3l The likelihood of the impact occurring {certain, pro-
bable, uniikely, unknown}.

4)  The finality of the impact i.e. can the environmenta!
compenent ever be returned to something tike its
original state after the impact has occurred? (Rever-
sible, irreversible, uncertain). '

5)  The order of the impact i.e. is the impact the direct
result of a project activity affecting an emironmen-
tal component or is it an induced impact resuiting
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fFig. 1 Section of Hypothetical impact Matrix for a Particular Project

PfO@eFF tﬁ'.’:\né.r\'\ission Roads and (Blasting and j Inundation Qverail
Activities Lines Bridges Drilting ...etc Project
Environmental
Component 01 02 03 - 04
Arable Land 01 -40 -70 -2 200 -3 000
(ha. lost) 40 -70 -2 200 -2 800
Historical Sites 02 -3 3
. Severg Severe Severe -40% pop. -60% pop.
Black Rhino 03 Slight Moderate -10% pop. -45% pop.
; Reduce Reduce Reduce ﬁeduce Reduce
Aesthetic Value 04 B Reduce Reduce ? Reduce
...etc

The upper estimata in each celt corresponds ta the short-term effect and the iower estimate to the medium-term etfect.

from a previous impact? (Primary, secondary, ter-
tiary or higher). '

The time of cccurrence of the impact {immediate
i.e. directly fohowing an activity in the early, or con-
structional, stage of the project; medium-term i.e.
directly after an activity that is scheduied sometime
in the operational stage of the project, or a delayed
consequence of an activity that occurred in the early
stages of the project; long-term ie. a delayed im-
pact occurring twenty-five years or more after the
project has been initiated).

7)  The duration of the impact ltransient i.e. will be evi-

8)

dent only while an activity of short duration is ac-
tually 1aking place; temporary i.e. will still be evident
for a few years after an activity has ceased, or will
be evident while an activity of several years’ dura-
tion is taking place; permanent i.e will go on
‘forever’ in the absence of intervention),
The adequacy of available information used to
predict the impact {adequate i.e. sufficient informa-
tion is available to predict the impact with the
greatest possible accuracy; inadequate i.e. fuither
information is desirable in order to improve the ac-
curacy of the prediction}.
it may prove to be impossible to produce adequate
reports on a/f the impacts in the time available, in which
casa those impacts which are not considered to be impor-
tant (i.e. those of ‘minor significance’) need only be
classified and not described.

Overall, the impact reports will be written in such a way
as to ensure that the criteria that were outlined in the
preceding article of this issue of Science News are satisfied.
Since these impact reports may be somewhat technical,
succinct summaries will be written in layman’s terms to
cover the overall impacts of project activities on categories
of environmental components {e.g. the effect cf inundation
on rare species); also, the current state of the environrnen-
tal components will be outlined in a non-technical fashion
so that the project settings are described.

The information that is gained from these impact studies
will comprise the bulk of the Environmentai Impact State-
ment that is produced for the decision-makers and for the
interested public. Much of this information will serve as in-
put for the economic analyses.

ECONOMIC ANALYSES

M. J. Blackie's article in the February issue of Science
News dealt with the applicability of Social Cost-Benefit
Analysis (SCBA) in situations involving the development of
Mlderness areas. Blackie indicated that various problems
_arise when SCBA is used in these situations to guide the
allocation of scarce 1esources between competing ends:
the method fails to recognise opportunity costs foregone
by development of wildlands; it does not deal with the ir-
reversibility of investment decisions, and it shows short-
sightedness in discounting the benefits of a development
project over time. These problems are related 10 the iack oi
recognition of the social value that is held by wilderness
areas. Recently, some American economists have modified
the conventional framework of SCBA in order to cover
these deficiancies. SCBA will show inherent bias towards
the development rather than the conservation of natura!
areas if their social value is ignored; hence, the economic
analysis that is to be carried out as part of the Zambezi in-
vestigation will be based on the American thinking, which
attempts to eiiminate this bias. ’

Before describing the methods that are to be used, it is
necessary to explain the economist’s general approach to
the valuation of natural areas. Kneisch and Davis {1568,
p. 452) say: ‘A source of error is a belief that outdoor
recreation values have an aesthetic, deeply parsonal and
even mystical value’. It money can represent the quality of
paintings, sculptures and diamonds, why {ask economists)
should it not also represent the quality of landscapes? The
difficulty here lies in detarmining the monetary values of
sesthetic aspects when no apparent market exists for them;
however, this may not be an insuperable problem. An ‘ex-
change’ vatue for the environmental quality of an area
might be estimated from the time and money that people
are prepared 10 spend in travelling to that area. For in-
stance, the money spent on travei by thousands of visitors

- 1o the Alps eack year indicates something of the value of
those mouniains.
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Value is related to scarcity and use. These factors deter-
mine how much a person is willing to sacrifice or trade in
“order to ‘consume’ something. As a person consumes
more and more of a good, his desire for additionai units of
that good declines, and so he is less and less willing to
spend on that good. This concept is illustrated by the de-
mand function (Fig. 2).

p2
B
L.
L pl N
& \
’ Demand
A Function
q
Quantity Purchased

. Fig. 2 Price-quantity relationship underpinning demand
" for 8 particular good -

The area under the demand function represents the total
satisfaction that a person can receive from a particular
good. Area A represents the amount of money that the per-
son has spent in purchasing q units of the good at unit-
price pt {price p1 x quantity q!. However, the person has
derived satisfaction from the consumption of the good
beyond the satisfaction that is represented by area A; his
additional satisfaction {area B) is referred to as ‘¢consumer’s
surplus’. If the person is denied the opoortunity to purchase
and consume the good, he should be compensated for his
loss of satisfaction. In order for the consumption to be
equivalent to his total loss of satisfaction, tha person
should be paid an amount of money equal to area A plus
“area B. Thus, the total value of a natural amenity could
theoretically be derived once a demand function for this
amenity is produced. This demand function can be
sstirnated crudely by taking ‘price’ as cost of trave! to the
amenity and ‘quantity’ as number of visitors. If the data re-
quired for this travel-cost method are not available, then
opportunity-cost methods or guestionnaire methods may
be used, among others.

Opportunity-cost methods relate to the potential benefits
that are necessarily iost through the choice of a particular
development option. if revenue from a recreational area is
maximised, then the earnings from this area would approx-
imate to area A in Fig. 2, and would represent the oppor-
tunity cost resulting from a development project that
destroys that area’s recreational potential. Cuestionnaire
methods are used to establish the amount of money that
people would be willing to accept as compensation for the
loss of amenities. This amount will correspond to area A
plus area B, provided that questions are suitably phrased to
prevent emotional bias on the part of the respondents.

Looking at the proposed fAupata Gorge scheme in par-
ticular, it is not pcssible to use a travel-cost method to
establish a value for the area to be flooded by the dam since
this part of Zimbabwe has been closed to iourists for
several years. An opportunity cost method may be im-
plemented by estim'at'ing the potential revenue that would
be generated through alternative uses of the area (hun-
ting/tourism, mining, agricuiture}. This method may be
complemented by the derivation of a land value for the area
on the basis of the compensation that was paid for Matetsi
safari areas; also, information will be cbtained on recent
land sales and rentals of wilderness areas. itis hoped to use
.questionnaire methods to gain a further indicatian of com-
pensation value for the area.

) The construction of the Mupata Gorge Dam would give
rise to some benefits (besides hydro-electric Eower} that
would offset the opportunity costs to an unkrown extent.
Cbvious benefits would_be fish production, water-hasad
recreation and the provision of 3 navigable stretch of water
as part of a possibie transport route to the sea as discussed
in the next two articies in this issua of Science Neves, A
great many questions telated to thesa spin-offs wouid have
10 be investigated. Will the fish catch from Mupatz Gorge
Dam affect the market for fish from Karita, or is there anin-
satiable demand for the protein? Would the new recrea-
tional amenity of the dam divert visitors from Kariba, Kyle,
Ngezi etc? Would the navigational potential of the Zambezi
be significantly enhanced by the dam, in view of the
obstacles to shipping that still remain below Cabora Bassa?
What demand is there for a shipping route down the
Zambezi? Since a great deal of engineering work would be
required to open the shipping route, would rait transport
not be cheaper averall? , . .

An important consequence of the Mupata Gorge Dam
would be the loss in perpetuity of wild area that is likely to
appreciate in value as this type of amenity becemes scarcer
gnd scarcer due to to development in otne: places. Referr-
ing back to Fig. 2, forces will act to shift the demaad func-
tion outward over time, thus increasing the area telow the
curve. Such forces might include rising per capita inccme,
population growth, growing appreciation of wilderness
amenities as higher levels of education and affluence are
_reached, and greater ease of tourist travel due to transpert
innovations. |t is intended to develop a simple model incor-
porating such factors; the model could be tested with a
range of values for each factor to see how the worth of the
area rnight change over time. Some of the aspects that are
important in this issue cannot be quantified; an example is
option value i.e. the satisfaction that peopie derive from

knowing that a wild area is being conserved, even though

they may never visit this area.

This discussion has centred on the Mupata Gorge Dem.
This is because the scheme will be the most comglex one in
view of its threat to the character of the midcle-Zambezi
wilderness, and also because it appcears to te the most iike-
ly only from the tachnical and financist points of viaw. A
dam at Batoka Gorge would flood a small area, consisting
of rocky slopes; a dam at Devil's Gorge would tlood a large
ared, but this fand is of low productivity. However, the lat-
tgr dam would necessitate resettlement of people, with
significant costs. Economic analyses of these two dams.
would certainly not be as difficult as the anaiysis of ‘tha
Mupata Gorge Dam.,

Gverall, the economic analyses will provide facts and
figures that can be included in the impact reports, and wiif
3iso shed some light on the question of which project
shows the greatest tota! benefit.

PANEL EVALUATION

The decision on whether/where a new dam should be
built on the Zambezi is obvicusly the responsibility of the
relevant authorities. However, it is felt that besides presen-
ting @ mass of information on likely impacts t¢ thesa
decision-makers, an attempt should be made 1o provide
recommendations based on this information. The
econcmic analyses will go a long way towards assisting in
this task, but they carnot cover everything. The subjective
aspects of the issue of develcpment on the Zamberi are
best handled by a methed that incorporates a cross-section
of ideas on these aspects {i.e. a ‘thinktank’).

A psychometric techrique that might usefuity be applied
here is that of Thurstone’s Model of Comparativa Judge-
ment. Here, a panal of interested and informed peopie
would be identifind (as large a panet as possiblel. Each per-

" son on the panef would be consulted separately and would

be given the non-technical summaries of the environmentat
impacts of all the development cptions, Thess summanes
would be presented randomly 50 that the person would not
aiways know which project a particular impact stems from;
this would be an attempt at reducing possible bias against a
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project. The person would be asked to compare each im-
pactin a painwisa fashion with each other impact, and to
then indicate which impact is the most ‘preferable’ of the
pair {in terms of that person’s priorities on the issye). Once
all the members of the panel have made these cony:
parisons, it can then be estatlished how often a particular
impact was judged to be preferable to each of the other im-
pacts. This informaticn can be converted into percentages
{of the total number of judgements) and then to Z- valuves
(using a table relating percentages under a normal curve to
standard scores). The Z- value for each impactis then anin-
dex of the desirability of that impact. The overail desirability
of each project can be ascertained By adding up the
Z-values of its constituent impacts, and the project with the

. highest total is then the ‘most preferable’ in the opinion of

the panel.

This is the essence of the method, although its underly-
ing rationale should ke explained in order for it to be proper-
ly understood. The advantage of this method is that im-
pacts do not necessarily have to be expressed in precise
measurement units, as a person can make a judgement on
the desirability of ore impact in relation to another on the
basis of purely verbal descriptons. The 2- vaiues can be
presented in the reports to which they relate, as an indica-
tion of ‘public opinion’ on the desirability of each impact. A
useful addition to the Environmental Impact Statement
would be a correlation between the findings of the
economic analyses and the findings of the panel evaluation.

. N \ N
. \

Obviously, the decision-makers are not required to follow
the recommendations that are presented, but these should
at feast help them in getting the issue in perspective,

CONCLUSION

The methodolcgy that has been outlined in this article
represents an atteinpt to find a way of carrying out this im-
portant Mvestigation with the minimum of bias,.and with
the use of local expertise. In this type of venture, interac-
tion with as many interested people as possible is desirable,
and the authors would appieciate any comments on their
methodslogy. ’
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